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PREFACE 
The Tuticorin Theraal Power Station (TTPS) produces 1050 HV 
of electric power which foras about 25X of the power needed by 
the state of Taail Nadu. As a result of coabustion of coal, 
large aaount of hot water, waste water and flyash are . duaped into 
the Tuticorin Bay everyday. This has caused extensive daaage to 
the fragile aarine ecosystea of Tuticorin which foras a part of 
the Gulf of Kannar Biosphere Reserve. 
Kuch work on the effect of pollution froa doaestic, sewage 
and industrial waste on Indian coastal waters are available in 
the literature. The effect of theraal pollution on riverine 
systeas are also well docuaented . However, detailed work on the 
theraal pollution in aarine waters are lacking. This study, was 
therefore, 
hydrography 
physiology 
proaoted by a paucity of inforaation on 
of the polluted areas of Tuticorin Bay, 
of seaweeds in theraal stress conditions and 
1) 
2) 
3) 
heavy aetal concentrations of seawater and sediaents 
bioaccuaulation of seaweeds in theraally polluted waters. 
the 
the 
the 
and 
Hydrogrpahy, physiology of selected seaweeds and heavy 
.etal concentrations foras the three areas of present study . 
Seaweeds are considered as excellent indicators or pollution due 
i 
to their sessile nature, accessibility and ability to accu.ulate 
pollutants fro. the a.bient waters. The species of seaweeds 
selected for the study are: Gracilaria verrucosa, EnteroworDha 
co.preSSD and Chaeta.aroha linu •. 
The chapter on hydrography deals with variation in 
para.eters such as water te.perature, salinity, nutrients and 
phytoplankton productivity . Data for a period covering two years 
fro. October 1987 to Septe.ber 1989 were collected fro. 5 
stat i ons i n Tuticorin Bay . Phytoplankton product i vity in polluted 
and control sites were correlated with environ.ental para.eters. 
Physiology of seaweeds for.s the content of Chapter 2 . The 
.ajor physiological variables studied were product i vity of 
.acroalgae , chlorophyll content and bioche.ical constituents . The 
variation between stations and aeaaons were analyaed and 
physiology of seaweeds correlated with independent variables . 
Protein , carbohydrate and lipid of seaweeds are tbe biocbe.ical 
constituents analysed . 
Cbapter 3 deala witb tbe beavy .etals of seawater, sedi.ent 
and seaweeds . Copper, lead, nickel, zinc and iron were eati.ated 
and variations in space and ti.e recorded. The bioaccu.ulation by 
seaweeds were correlated witb bydrograpby , .etals in seawater and 
ii 
sedi.ents. Linear regression equations were establisbed for 
accu.ulation by algae with .etal content of seawater. 
A su •• ary of the iaportant findings and literature cited in 
the text are presented. The present study is intended to 
understand the level of pollution by TTPS on the .arine algal 
vegetation of Tuticorin Bay. It is hoped that the infor.ation 
generated by this study would stiaulate research in fields that 
require urgent attention for .aintaining the biodiversity of this 
sensitive ecosystea . 
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Chapter 1 
Hydrography 
INTRODUCTION 
The Joint Group of Experts on the Scientific Aspects of 
Marine Pollution (GESAMP) defines .arine pollution as "the intro-
duction by .an , directly or indirectly of substance or energy 
into the .arine environ.ent including estuaries which results in 
such deleterious effects as har. to living resources, hazards to 
hu.an health, hindrance to .arine activities including fishing, 
i.pair.ent of quality for use qf seawater and reduction of a.eni-
ties" (GESAMP, 1984). 
Theraal 
environ.ental 
(heat) is one of the seven .ajor categories of 
pollutant . Ther.al pollution is any 
natural water te.perature that adversely affects 
change in 
the aquatic 
environ.ent ". Ther.al power plants .ay contribute significantly 
towards econo.ic growth but they .ay bring associated ills of 
environ.ental pollution. The largest Single industrial use of 
water is for cooling purposes (Cairns, 1956) and vast quantities 
of water heated in this way are discharged into natural bodies of 
water. 
The .ain sources of ther.al effluents fro. ther.al power 
stations are; cooling water, waste water fro. water treat.ent 
plants and condenser cleaners, waste water conta.inated with 
petroleu. products such as oil and grease, water fro. hydraulic 
ash disposal syste. and water collected inside the territory ot 
I 
the power stations (Sarin, 1988). Ther.al pollution due to cool-
ing water, waste water and fly ash slurry discharges are bound to 
have detrimental effects on the hydrography of the receiving 
waters . 
The 
o 
Tuticorin Bay (08 
o 
45 ' N and 78 12'E) is situated in 
the southeast coast of India in the Gulf of Mannar along the 
Tamil Nadu coast . Tuticorin Bay encloses a water area of 56 
sq . km. The Hare Island forms the eastern boundary of the Bay and 
Tuticorin land .ass is on its western side. The southern point of 
Tuticorin Bay extends to a creek with wide .angrove area and a 
fresh water creek. 
Tuticorin Thermal Power Station (TTPS) was commissioned in 
1978 , at an area of about 160 hectares and produces 1050 MY 
electricity per day (Plate 1) . TTPS is located 2 km to the east 
of Tuticorin Port and the northern boundary of the co.plex is on 
the brim of the intertidal area of the Tuticor i n Bay. The hot 
water effluent generated by cooling the condenser is pumped 
directly into the Bay (Plate 2). In addition there are waste 
water outlets also located 1 km westwards of the hot water outlet 
(Plate 3) . Marine pollution is also caused by the seepage and 
overflowing of flyash slurry from the flyash pond(Plate 4). The 
amount of hol effluent water dumped into Tuticorin Bay is approx-
imately 3780 tons/day and the waste water effluents discharged is 
54 tons/day . 
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Before co •• issioning of TTPS, the Tuticorin Bay and its 
adjacent areas supported rich flora and fauna such as seaweeds, 
seagrass beds , .angroves and corals . The pollution fro. TTPS over 
the years has created a barren intertidal area al.ost devoid of 
seaweeds and seagrass beds (Plate 5). This has changed the once 
blue clear waters of Tuticorin Bay into an area with high turbid-
ity and a botto •• uddy non productive area (Plate 6). 
In keeping the above a~pects in perspective the present 
study was carried out to understand: 
i ) the effects of ther.al effluents on the surrounding 
seawater and 
ii) the consequences of changes in hydrography on plankton 
productivity . 
A total of five stations were fixed to co.pare the hydrog-
raphy of polluted and control sites of Tuti corin Bay . Hydrograph-
ical para.eters such as water te.perature , salinity, dissolved 
oxygen , pH, nutrients and pri.ary productivity were studied for 
two years fro. October 1987 to Septe.ber 1989 . 
Hydrography of the Tuticorin area has been studied wi th 
i.portance to inshore waters (Haricha.y ~ Ai., 1985 ; Gopinathan 
and Rodrigo , 1991) and the oyster beds at Tuticorin Bay (Rajapan-
dian ~ Ai., 1990). The physical and che.ical para.eters of Gulf 
at Hannar has also been reported (Chandrasekaran and Sudhakar , 
3 
Plate 1: Tuticorin Thermal Power Station 
produces 1050 HW electric power for 
the state of Tamil Nadu . 
Plate 2: Hot water effluent from power 
station Clowing directly into 
Tuticorin Bay. Average water teMp. 
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is 40 C. 
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Plate 3: ~aste water effluents discharged 
into intertidal area . The thermal 
power station is in the background. 
Plate 4 : FIY8.sh slurry overflowing the fly8.sh 
pond dyke and aixing with the Bay 
waters . 
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Plate 5: The only vegetation found near the 
waste water effluent site. The 
coastline of Tuticorin is in the 
background. 
Plate 6: Greyish brown water (Clyash slurry) 
in the foreground and clear blue 
waters of the Bay in the background . 
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1968; Maricha.y and Sirai.eetan, 1979). Due to their econo.ic 
i.portance extensive ecological studies ot the edible oyster and 
pearl oyster beds ot Tuticorin is also available in the litera-
ture (Mahadevan and Nayar , 1987; Nayar and Mahadevan, 1987). 
The increasing use ot coastal oceanic water tor the cooling 
ot electricity generating stations both nuclear and tossil tuel 
has raised .any environ.ental questions. Pro.inent a.ong the. is 
the question ot ther.al pollution on the ecosyste. to which the 
discharge takes place . The early works on ther.al ettluents and 
its i.pact on the .acroalgae and seagrasses was reported tro. 
Florida (Zie.an and Wood, 1975: Langtord, 1982), Hawaii (Coles 
~ Ai ., 1982), Gua. (Hoh.an and Tsuda , 1973), Puerto Rico (Ko-
lehnainen ~ Ai., 1975) and Gult ot Mexico (van Tine, 1981) . 
Satpathy ~ Ai. (1986) described the intluence ot hot water 
effects on the coastal waters of Kalpakka. near Madras . Balani 
(1975) studied the te.perature ot seashore waters near Tarapur 
Ato.ic Power Station , So.bay and noticed that the te.perature at 
the discharging point is higher than the intake point . The hy-
drography and effects on power station heated effluents on dis-
tribution of sedentary flora and fauna near Madras Ato.ic Power 
Station was reported by A~ed ~ Ai. (1992) . 
A coaputer literature search spanning .ore than 12 years 
froa 1983, revealed that there is no work conducted to understand 
the influence of ther.al pollution on hydrography . In India, 
7 
there are very few works in this area .ainly because there are 
only a few power stations which discharges hot water effluents to 
the coastal waters. 
MATERIALS AND METHODS 
A preli.inary survey was conducted in the Tuticorin Bay in 
and around the effluent site of TTPS . The .ajor criteria for 
fixing the stations were accessibility and presence of seaweeds. 
The effluent sites are accessible only by boat fro. the western 
side of the Tuticorin Bay along the land .ass. The sa.pling 
stations cover an area of 10 k.s in the intertidal zone fro. the 
hot water site to Terespura. End. Based on this survey five 
stations were fixed one each in the hot water area, waste water 
area and two intermediate stations and a control site (Fig. A). 
Station l: The hot water is discharged fro. TTPS directly into 
the Bay through big pipes . This station was selected 250 .eters 
away fro. the discharge point. The water at this site is foa.y , 
possibly due to the che.ical reactions of anti-fouling and anti-
corroding agents used in the coolant waters . Vater is clear and 
the bot to. to a depth of 3 .eters is visible. The bot to. is 
devoid of any vegetation and co.prises .oatly of soft, gray 
settled flyash sedi.ents . 
Station ~: This station is located 1 k. away westwards of sta-
tion 1 . This is the .ain waste water discharge area of TTPS. 
8 
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Kap of the study area indicating sampling stations . 
Waste water collected fro. different sources is stored in waste 
water storage tanks and released to the intertidal area through 
big pipes for 1 hour in the .orning. The botto. is soft, gray and 
.uddy. Patches of seagrass beds of co.prising .ainly of the 
species Halodule uninervis are noticed and closer to the shore 
.acroalgae such as Gracilaria verrycosa, Entero.orDha co.oressa 
and Chaeto.orpha linu. are found . 
Station ~ : Located 1 k. northwest of station 2 and 1 k. away 
fro. the shore. The total depth at this station during high tide 
is 3-4 .eters. Continuous seagrass beds of Halodule yninervis and 
Cy.odacea serrylata are seen . The do.inant seaweeds noticed are: 
Gracilaria verrucos&, Bypne. ausciforais , Eotero.arpha co.pressa 
and Chaeto.oroha linu • . Water is clear and the botto. is .ainly 
sandy . This station is ·healthy· in co.parison to stations 1 • 2. 
Station ~ : This station is located 1 k. northward of station 3 . 
The depth is 2-3 .eters during high tide and the water is clear 
and the botto. is .ainly sandy. In addition to seaweeds and 
seagrasses round in station 3, radin. gyanosPQca, AcanthoohQca 
spicitera and Gracilaria eudJis are also noticed at this station . 
Station ~ 
ent site 
It is the farthest station fro. the hot water efflu-
and situated 6 k. away fro. station 4 . This station 
10 
does not have any influence of pollution and it is considered as 
the control site for the present study. Seaweeds and seagrasses 
are .ore luxuriant than at stations 3 & 4 . 
Water sa.ples were collected at all the stations just below 
the surface of the water coluan. Saapling was carried out fort-
nightly for a period of two years froa 1987 October to 1989 
Septeaber. Water saaples collected .n 1 litre plastic bottles 
were kept in dark, cool condi.tions ti II the tiae of analysis on 
the saae day. 
Water te.perature was .easured in the field using a cal -
ibrated therao.eter. Salinity was deter.ined by Mohr ' s titration 
.ethod (Strickland and Parsons, 1968). Dissolved oxygen was 
analysed by Winkler aethod (Anon . , 1975). pH was deter.ined us i ng 
ECIL digital pH aeter. 
All nutrients except nitrate was analysed using the .ethods 
outlined by FAO (Anon . , 1975) and .easured in a spectrophoto.eter 
(ECIL GS 865 D) . Nitrate was deter.ined by .odified aethod of 
Mullin and Riely (1955). 
Phosphate The phosphate in water was allowed to react with 
a •• oniu. .olybdate, for.ing a co.plex heteropoly acid. This was 
reduced by ascorbic acid in presence of anti.onyl tartrate as 
11 
catalyst into a blue coloured co.plex . the light absorption ot 
which is then .easured at 880 n •. 
Nitrate To the water sa.ple a butter reagent (phenol + sodiu. 
hydroxide) and a reducing agent (copper sulphate + hydrazine 
sulphate) was added and kept in dark tor 20 hrs. This reduced 
solution is treated with sulphanila.ide and NNED and the 
intensity ot colour develope~ is .easured at 545 n • . 
Silicate : Deteraination ot silicate is based on the tor.ation ot 
a yellow silico.olybdic acid . when a .ore or less acidic sa.ple 
is treated with a .olybdate reagent. Since this acid is rather 
weak in colour . they are reduced by ascorbic acid to intensely 
coloured blue co.plexes . Absorbance ot the sa.ple is .easured at 
a wavelength ot 810 n • . 
Turbid ity NephelOMetric .ethod using a turbidi.eter was e.-
ployed to esti.ate the extend ot turbidity. The intensity of 
light scattered by the sa.ple was co.pared with intensity of 
light scattered by a standard reference suspension. Values are 
expressed in Nephelo.etric Turbidity Units (NTU) . 
PriMary production Light and dark bottle oxygen technique 
(Gaarder and Gran. 1927) was eaploy~d for aeasuring the pri.ary 
production . After 4 hrs of exposure to light the sa.ples were 
12 
fixed by Winkler's method for the estiaation of oxygen. Produc-
tivity was calculated after converting into carbon equivalents 
employing the factor 0.536/1.25. The results are expressed in 
gC/cub.m/day. 
The data were grouped into 3 seasons : Premonsoon (June to 
September), Monsoon (October to January) and Postmonsoon (Febru-
ary to May). 
RESULTS 
Seasonal averages of hydrographical parameters at station 1 
to 5 are given in Table 1 . Water temperature at station 1 was 
higher than all the other stations. Dissolved oxygen at station I 
and 2 were lower by I to 2 mill in comparison to other stations. 
Salinity and pH did not show much variations between stations. 
Phosphate showed high values during postmonsoon at station 1 
while at other stations higher average values were noticed during 
premonsoon. Postmonsoon and premonsoon months show greater 
values of nitrate than the monsoon months. Distinct increase in 
silicate is noticed during post.onsoon at all stations. Turbidity 
values were high during .onsoon. There was no net production by 
phytoplankton at station 1 and comparatively higher values were 
obtained at stations 4 and 5. Respiration values are higher at 
station 1 eventhough net production was nil. 
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The results of heirarchial ANOVA are presented in Table 2. 
Hydrographical para.eters did not vary significantly between 
years and except for silicate (P < 0.01) the variations between 
season is also not significant. However, variations within sta-
tions were significant for .ost para.eters studied. The effect of 
environ.ental para.eters on net productivity is presented in 
Table 3 . Net production is not significantly related to hydro-
graphical factors in stations 1 and 2 . At station 3 a positive 
significant relationship is noticed with phosphate and nitrate, 
while at station 5, significant relationship is noticed with 
silicate and dissolved oxygen. A linear negative relationship is 
observed between water te.perature and net production at 
stationl . The equation being: 
Net production = 0.3654 - 0 . 0088 Water te.p . r = -0.52, n = 24 
The .onthly variations in dirferent para.eters studied at 
stations 1 and 5 are depicted in Figures IA to 58. Dist i nct 
differences are noticed in the fluctuations Qf water te.perature, 
dissolved oxygen and net production . The variations in nutrients 
at stations I and 5 see.s to follow a unifor. pattern at both the 
stations. Turbidity at station 5 is co.paratively higher than 
that or station 1 . Net production at station 1 varied between 0 
and 0 . 1 and station 5 between 0 . 31 and 1.82 gC/cub .• /day. The 
relationship between water te.perature and net production at 
station I is shown in Fig . 6. Increase in values or te.perature 
during March to May is coupled with net production being nil at 
the sa.e period . 
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Table 1 ; Seasonal averages of hydrographical parameters at 
Stations 1 to 5 . 
Parameter 
Water temp. 
(deg .C) 
Salinity 
(ppt) 
Diss. oxygen 
(ml/L) 
pH 
Phosphate 
( ...ug- at . /L) 
Nitrate 
( fig- at./L) 
Silicate 
( fig-at . /L) 
Turbidity 
(NTU) 
Net production 
(gC/cub .m/day) 
Respiration 
(gC/cub . m/day) 
Season 
Premonsoon 
Monsoon 
Postmonsson 
Pre monsoon 
Monsoon 
Postmonsoon 
Premonsoon 
Monsoon 
Postmonsoon 
Premonsoon 
Monsoon 
Postmonsoon 
Premonsoon 
Monsoon 
Postmonsoon 
Premonsoon 
Monsoon 
Postmonsoon 
Premonsoon 
Monsoon 
Postmonsoon 
Premonsoon 
Monsoon 
Postmonsoon 
Premonsoon 
Monsoon 
Postmonsoon 
Premonsoon 
Monsoon 
Postmonsoon 
1 
38.3 
39.2 
39.7 
35 . 0 
33.2 
32 . 9 
4.9 
4 . 6 
4 . 9 
6.3 
6 . 4 
8 . 4 
0. 7 
O.~ 
1.6 
1.1 
0 . 6 
1.7 
5 . 5 
4.0 
6.1 
1.6 
2.1 
2.0 
0 . 0 
0.0 
0 . 0 
0 . 3 
0.3 
0.3 
Station 
2 
30 . 7 
32. 3 
32.3 
31.8 
30.0 
28 . 9 
5 . 1 
5.1 
5 . 1 
6.4 
6 . 5 
8 . 4 
2 .4 
1.5 
1.7 
2.0 
1.3 
2. 4 
5. 5 
4 . 3 
6 . 0 
4 . 4 
6.6 
4.6 
0 . 1 
0 . 1 
0.1 
0.3 
0.2 
0.3 
3 
26 . 7 
29.9 
30.1 
33.7 
31.0 
31.7 
5 . 5 
5 . 7 
5 . 6 
6.4 
6 . 6 
6.6 
2.0 
1.3 
2. 1 
1.9 
1.3 
1.9 
5 . 4 
4 . 3 
6 . 0 
3.4 
5.1 
4.0 
0 . 4 
0 . 3 
0 . 4 
0.4 
0 . 4 
0.5 
4 
26.6 
29.5 
29 . 6 
33.4 
31.3 
31.9 
6.5 
6.3 
6.2 
6 . 4 
6 . 6 
6.6 
2 . 2 
1. 5 
1.3 
2 . 1 
1.6 
2.1 
5.5 
4.2 
6 . 1 
3.6 
4.1 
3.2 
0.7 
0.4 
1.1 
0 . 6 
0 . 4 
0 . 7 
5 
26. 4 
26 .7 
29 .3 
34. 7 
32 . 1 
32. 6 
6 .2 
6.5 
6 .3 
6 .5 
6 .6 
6 . 6 
2.0 
2.0 
1.3 
1. 6 
1.9 
2 . 0 
5.5 
4 .5 
6 . 0 
2. 9 
3 . 4 
3 .0 
0.7 
0. 4 
0. 9 
0. 4 
0 . 4 
0. 6 
--- -- - ------------ ----------- ----- ~--------- -------- --------- - - - -
Table 2 : Heirarchial ANOVA of hydrographical parameters. 
Parameter 
Water temp . df 
F 
P 
Salinity df 
F 
P 
Diss . oxygen df 
F 
P 
pH df 
F 
P 
Phosphate df 
F 
P 
Nitrate df 
F 
P 
Silicate df 
F 
p 
Net prod. df 
F 
P 
Respiration df 
F 
P 
Year 
1 
1 
NS 
1 
21 
NS 
1 
0.1 
NS 
1 
0.4 
NS 
1 
0.2 
NS 
1 
0.2 
NS 
1 
1 
NS 
1 
1 
NS 
1 
1 
NS 
NS - Not significat 
Season/Yr 
4 
29 
NS 
4 
100 
NS 
4 
0 . 5 
NS 
4 
0 . 5 
NS 
4 
3 
NS 
4 
7 
NS 
4 
227 
** 
4 
2 
NS 
4 
1 
NS 
* - P < 0 . 05 
Station/ 
Season/yr 
24 
220 
** 
24 
25 
NS 
24 
5 
** 
24 
0 . 1 
NS 
24 
4 
* 
24 
2 
* 
24 
0.3 
NS 
24 
2 
** 
24 
0.3 
* 
** - P < 0 . 01 
Error 
330 
2 
330 
8 
330 
1 
330 
0 . 1 
330 
0 . 3 
330 
0 . 3 
330 
2 
330 
0 . 1 
330 
0 . 1 
Table 3 Correlation matrices of hydrographical parameters on 
productivity of phytoplankton at stations 2 - 5. 
Parameters WT Sal Oxy pH Pho Nit Sil NP 
Station 1 
Water temp. 1. 00 
Salinity 0.38 1. 00 
Diss . oxygen - 0 . 04 - 0 . 05 1. 00 
pH 0.04 - 0 . 29 0.52* 1.00 
Phosphate -0.07 - 0.34 0.36 0.27 1. 00 
Nitrate 0.23 0 . 28 0.10 -0 . 24 0 . 56* 1.00 
Silicate -0 . 14 -0 . 20 0 . 33 0 . 13 0 . 77* 0 . 59* 1. 00 
Net prod. - 0.15 0.17 0 . 35 - 0 . 22 - 0.08 0 . 12 - 0 . 20 1.00 
Station 2 
Water temp. 1.00 
Salinity - 0.28 1.00 
Diss. oxygen - 0.25 0.33 1. 00 
pH 0.27 - 0.46* 0.47* 1. 00 
Phosphate 0.03 0 . 05 0.02 - 0 . 09 1.00 
Nitrate 0.03 - 0.53*- 0.13 0.03 - 0.10 1. 00 
Silicate - 0.03 - 0 . 19 - 0.02 - 0.09 - 0.19 0.88* 1. 00 
Net prod. - 0 . 17 - 0 . 08 0.28 0 . 22 0 . 34 0 . 07 0 . 01 1.00 
Station 3 
Water temp . 1. 00 
Salinity 0.20 1. 00 
Diss . oxygen - 0 . 20 - 0 . 45* 1. 00 
pH 0.23 - 0 . 27 0 . 51* 1. 00 
Phosphate - 0.18 0 . 18 0 . 17 0.27 1. 00 
Nitrate - 0.48* 0 . 08 - 0 . 06 0 . 14 0 . 78* 1. 00 
Silicate - 0.65*- 0 . 65* 0 . 31 -0.01 0 . 24 0 . 59* 1.00 
Net prod. 0 . 15 - 0.34 0.31 0.09 0 . 54* 0 . 44* 0 . 31 1. 00 
Station 5 
Water temp . 1. 00 
Salinity 0.21 1. 00 
Diss. oxygen - 0.39 - 0 . 28 1. 00 
pH 0.66*- 0 . 09 - 0 . 48* 1.00 
Phosphate - 0.29 0.06 - 0.38 - 0.36 1. 00 
Nitrate 0 . 42*-0.06 0 . 18 0 . 36 - 0.37 1. 00 
Si l icate - 0 . 45*-0.45*-0.07 0.10 0 . 01 0 . 06 1.00 
Net prod. - 0.37 -0.40 0.41* 0.06 - 0.38 0.04 0.79* 1.00 
-----------------------------------------------------------------
* indicates significant correlation 
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DISCUSSION 
It is generally conceded that " teaperature is the aost 
important single factor governing the occurrence and behaviour of 
life" (Gunter, 1957) . 
The aodifications of teaperature at Tuticorin Bay due to 
the hot water effluent is quite extensive. The average aonthly 
teaperature rise in the Bay just off the hot water site is 10 . 3 
a a 
to 11.5 C . Blake et ~ . (1976) reported an increase of 4-7.2 C at 
a 
Taapa Bay, Florida. Devinny (1980) found 7-10 C rise in hot water 
effluent at California . At Tarapur near Boabay, an increase of 9-
a 
10 C than noraal water was reported by Kaaath (1980). 
Satpathy ~ Al.(1986) noted that when hot water is dis-
charged into a receiving body, the discharge spreads out to fora 
a plume in which the temperature decreases steadily froa a aaxi-
mum at the discharge point to reach the normal ambient teapera-
ture of the surrounding water at a distance. The shape, voluae 
and temperature characteristics of the theraal pluae depend upon 
the hydrographic features of the surrounding waters. Although 
detailed studies on theraal pluae at Tuticorin Bay was not 
studied, preliminary analysis reveals that the hot water in-
fluence is felt approximately to a distance of 1 ka. The increase 
in temperature is also noticed at station 2 which fall in the 
periaeter of the plume. The data collected during the preliainary 
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survey indicated that the pluae also spreads eastwards of the 
discharge point upto a distance of 1 ka . A seasonal change in the 
direction of pluae is also noticed. The pluae aoves in a a north-
erly direction during the southwest aonsoon period and in a 
southerly direction during the northeast aonsoon . The southerly 
winds spreads the pluae aore to the westwards than the eastern 
side due to the presence of flyash pond dyke . During the norther-
Iy winds the pluae moves outward into the Bay . 
The maxiaus net primary production observed at the hot 
water effluent site is only 0 . 05 gC/cub . a/day while at station 5 
the highest value was 1.82. This is a 30 fold decrease in produc-
tion at the hot water s i te. Huh (1980) found that the standing 
crop of phytoplankton at intake waters of the cooling systea was 
generally greater than that of the discharge for the aost saaple 
period . He attributed this decrease as possibly due to aetabolic 
impairaent and/or physical breakdown of the plankton by the 
thermal and aechanical stresses in the cooling systeas . Cairns 
( 1956) observed that the growth of diatoas and blue green alga 
are affected by increases in teaperature. Diatoa population tend 
to reduce with increase in teaperature where as blue green algal 
o 
population tend to peak at teaperatures of 40 C. At the hot water 
site the doainant aicroalgae are the theraophillic blue greens of 
Trichodesaiua spp. Another interesting feature is the presence of 
blue green aacroalgae such as Oscillatoria Ijaosa and Lyngbja 
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wajuscula found attached to the boulders at the hot water dis-
charge point. Ahwed ~ ~.(1992) observed siwilar blue green 
algal wats at the heated effluent discharge zone of Madras Atowic 
Power Station . 
Priwary production at hot water effluent site exhibited 
hetrotrophy as reflected by a lower net productivity to respira-
tion ratio, while the other stations were autotrophic. The respi-
ration rate at the hot water effluent site is 93X greater than 
the control site (Station 5). Thow ~ Ai . (1994) also noticed a 
57X increase in respiration at a graveled plot at Chapwan Cove . 
Gessner (1970) observed that with a rise in tewperature the 
amount of dissolved oxygen decreases causing secondary modifica-
tion in the respiration rate. Changes in temperature can further 
lead to alterations in the dissociation ratio of carbonic acid , 
which can subsequently affect photosynthesis. It is therefore 
clear that an increase in tewperature coupled with decrease in 
dissolved oxygen increases respiration rate leading to low net 
productivity. Further, the low oxygen values observed at the hot 
water and waste water effluent sites way be due to the increased 
decowposition promoted by the addition of significant voluwes of 
heated effluent as observed by Nugant (1970). 
Salinity and pH does not show any significant relationship 
between stations. Salinity value indicates that at higher tewper-
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ature there is a gradual increase in salinity in the hot effluent 
site. But this increase in salinity is not high. the variation 
o 
being only on the order of 1 100. Zieaan (1970) also noticed 
ainiaal variations in salinity at Turkey Point. Florida. 
The relationship between pH. teaperature and dissolved 
oxygen is reported by Sverdrup (1955) . High teaperature in asso-
ciation with low oxygen results in a gradual increase in pH . 
Siailar increase in pH at hot water site was observed in the 
present study. 
The iaportance of nutrients in priaary productions is well 
docuaented (Harvey. 1934; Qasia ~ Ai . • 1972; Wafer ~ Ai. 1985) ; 
Wafer ~ Ai .. 1986; Gopinathan and Rodrigo. 1991) . At the hot 
water effluent site. the values of phosphate and nitrate were 
coaparatively lower than the other stations . But Nugant (1970) 
did not observe any influence by hot water effluent on the levels 
of inorganic phosphate in the water around Turkey Point. Florida. 
At elevated water teaperature there is a supersaturation of 
nitrogen which leads to fish aortality (Ebel ~ Ai .• 1971). Fish 
aortality froa nitrogen eabolisa due to elevated teaperatures of 
power plant discharges have been reported (Clark and Brownell . 
1973). However. elevated values of nitrate was not observed at 
the hot water effluent site of TTPS. Fish aortality in vicinity 
of the theraal power station has also not been reported froa 
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Tuticorin Bay. It is difficult to explain why elevated nitrogen 
values are not observed at hot water effluent site although the 
sa.pling was carried out at the core of the ther.al plu.e. The 
.arine ecosyste. is so co.plex that it is difficult to .easure 
the totality of ecological effects caused by any persistent large 
scale increase in te.perature. 
The hydrographical para.eters did not show significant 
variation between seasons except for values of silicate. Sankara-
narayanan and Qasi. (1969) reported an inverse relationship 
between silicate and salinity . Silicate value was high during the 
post.onsoon .onths at all stations in the present study coincid-
ing with low values in salinity . High values of nutrients were 
not observed at station 2 although there is discharge of waste 
water at this site. Net productivity at this station was not 
inrluenced by nutrients probably due to the high turbid waters 
inhibiting pri.ary productivity ot this area . Nutrients played an 
i.portant role in net production at the inter.ediate stations and 
at the control station. 
Fro. the above discussion on the hydrography or Tuticorin 
Bay it is evident that ther.al pollution results in increased 
water te.perature, low dissolved oxygen and low net production . 
At the waste water erfluent site, turbidity is the .ost li.iting 
ractor or pri.ary production . The signiricant dirferences in the 
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variation of hydrographical para.eters also indicate that there 
is a profound influence by the hot water and waste water efflu-
ents on the coastal ecosystem of Tuticorin . Hydrography does not 
see. to be significantly affected by cli.atic factors such as 
rainfall, wind and freshwater runoff. 
The Ministry of Environ.ent and Forests, Govern.ent of 
India has declared Gulf of Mannar which includes Tuticorin Bay as 
Biosphere Reserve in April 1988 to preserve genetic diversity of 
this .arine ecosysteM. It also gave directives to the state of 
Tamil Nadu to take steps for the conservat i on of the flora and 
fauna in th i s area. The present investigation on the hydrography 
of the area reveals that dumping of ther.al and waste effluents 
into Tut icor i n Bay has caused considerable damage to this frag i le 
e cosystem . 
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Chapter 2 
Physiology of Selected Seaweeds 
INTRODUCTION 
Seaweeds constitute an i.portant renewable .arine resource 
that grow in the shallow waters wherever suitable substrate are 
available . In India, seaweeds are abundant along the southeastern 
and northwestern coast . There are .ore than 600 known species of 
seaweeds in India of which 60 are co •• ercially i.portant. 
Seaweeds are used as food, fodder and fertilizer. They are 
extensively used in various industries like confectionery , 
textile, paint, cos.etics, paper, dairy and phar.aceuticals. 
Agar-agar and algin are the two .ain phyco-colloids obtained fro. 
seaweeds. Agar-agar is a gelatinous carbohydrate present in the 
cell walls of so.e red algae. It is e.ployed as solidifying agent 
in bacteriological culture .edia. Algin is the .ain 
polysaccharide occurring in the cell walls of brown algae. 
Seaweeds are ideal indicators of pollution because they are 
sessile, easily accessible and sensitive to environ.ent factors. 
Since seaweeds do not have a root, ste. and leaf, the entire body 
known as thallus absorb the nutrients fro. the surrounding water 
for its survival. Any pollutant or toxic ele.ents present in 
seawater gets accu.ulated to critical or lethal levels. Seaweeds 
being pri.ary producers contribute to the sustenance of higher 
trophic levels. 
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The iapact of pollution can be aeasured by understanding 
the relationship between aetabolic rates of organisas on one side 
and the variations in dissociation, solubility and stability of 
pollutants on the other. Therefore it is necessary to deteraine 
the organis.s that aay serve as indicators of pollution and to 
understand their biology and ecology, particularly with reference 
to their physiological tolerances under stress conditions. 
In this chapter an atteapt is aade to study the iapact of 
theraal effluents discharged froa Tuticorin Theraal Power Station 
(TTPS) on the physiological processes of selected seaweeds . The 
i.pact of environ.ental variables on physiology of seaweeds were 
coapared between polluted and control sites. The physiological 
para.eters studied were : 
i) changes in net productivity and chlorophyll content and 
ii) variations in protein, carbohydrate and lipid or 
seaweeds. 
Productivity or an ecosystea depends on the aaount of 
organic aatter produced by plants through photosynthesis . The 
production by benthic seaweeds aay approach 10% of that by 
phytoplankton (Ryther, 1963). Hann (1913) suaaarized the 
productivity of seaweeds and Littler (1913) reported the 
productivity of Hawaiian reef Coralinaceae. These reports suggest 
that coastal and reer algal coaaunities rank aaong the highest 
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primary producers. The photosynthetic responses of seaweeds are 
affected by the availability of light (Tolentino and Trono, 
1995) . 
In tropical environments, the production and survival of 
seaweeds are to a large extent controlled by water te.perature. 
Biebl (1962) showed that the thermal death point of submerged 
o 0 
algae in Puerto Rico is 32-35 C which is only 4-6 C higher than 
o 
the average su.mer maximum of 28 C. Dohaan and Tsuda (1973) found 
o 
that above 28 C photosynthetic rates of CaulerDa reacemosa 
decreased continuously, and that increasing the te.perature fro. 
o 
28 to 30 C doubled the respiration rate. A variety of tropical 
benthic macroalgae tested in south Florida had abrupt ther.al 
o 
limits between 31 and 33 C (Bader ~~., 1972) . The effects of 
thermal effluents on algal .icrocos.s in tropical estuaries was 
studied by Thorhaug (1977). Marine blue-green algae replaced 
seagreasses, green and red algae in thermally elevated area 
(Roessler and Zie.an , 1969; Ahmed ~ 41 . , 1992). Direct effects 
of ther.al effluents on algal thalli include frond hardening, 
bleaching or darkening, plasmolysis and cellular disruption 
(Vadas, 1979). Devinny (1980) and van Tine (1981) observed 
decreased species numbers and density of plants in thermal plume 
waters. 
Nutrient limitation has a pronounced effect on production 
and growth of seaweeds . Elevated a.monia levels depressed growth 
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rates of Cladophora vagabunda and Gracilarja tjkwahjae in areas 
associated with eutrophication (Peckol and rivers, 1995) . 
Photosynthetic and respiratory perforaance of green, red and 
brown algae were influenced by the levels of nutrients i n the 
water (Paalae, 1995) . 
Kumar and Hahadevan (1993) studied algal species diversity 
as an index of pollution in Tuticorin aarine waters . Ganesan and 
Kuaar (1994) observed seasonal variation in productivity of 
Gracjlaria cortjcata , Sargassua wightjj and Padjna gyanospora of 
the Gulf of Hannar. Siailar seasonal variat ions in photosynthesis 
of benthic aacroalgae of Coliuao Bay , Chile was observed by 
Alveal ~ Ai . (1986) . The reef coaaunity coaposed of 
aacroalgae at Kavaratt i Atoll, Lakshadweep produce aore organic 
matter in a day than it consuaes in 24 hours (Qasia, ~ Ai. , 
1972). Kaladharan and Kandan (1997) observed that seaweeds 
distributed in 3-4 aeter depth can contribute to 
production than those distributed in shallow waters. 
Chlorophyll and carotenoids are the two aajor pigaents that 
play important role in photosynthesis . Jayasankar and Raaalingaa 
(1993) analysed the photosynthetic pigaents of 30 species of 
aarine algae collected froa different localities of Handapaa , 
Tamil Nadu Coast. Seasonal variation in chlorophyll content of 
seaweeds of Gulf of Hannar was reported by Ganesan and Kannan 
(1994) . Behsiry and EI-Sayed (1983) estiaated chlorophyll ·s' and 
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' c' of five species of brown algae fro. Jeddah Coast, Saudi 
Arabia. Light intensity regulates choloroplast structure and 
pig.ent co.position in the red algae Griffjthsia 
(Waaland ~ Al., 1974). 
pacitera 
The bioche.ical co.position of seaweeds has received .ore 
attention than that for productivity and chlorophyll contents. 
Vijayaraghavan ~ Al.(1980) studied the seasonal variation in 
bioche.ical co.positions of seaweeds fro. Goa Coast and by 
Dhargalkar ~ Al . (1980) along the Haharastra Coast . Kaliaperu.al 
et Al . (1994) described the protein, carbohydrate and lipid of 28 
marine seaweeds fro. Lakshadweep Islands. The algae belonging to 
Chlorohyceae and Rodhophyceae were rich in protein and 
carbohydrate co.pared to Phaeophyceae (Ku.ar , 1993) . Ganesan and 
Ku.ar (1994) studied seasonal variation in the bioche.ical 
constituents of econo.ic seaweeds of Gulf of Hannar. Jayasankar 
(1993) analysed the bioche.ical co.position of Sargassu. wjghtji 
with reference to alginic acid content . Twenty three species of 
green algae belonging to 12 genera fro. Handapa. were analysed 
for protein, carbohydrate and lipid by Jayasankar ~ Al.(1990). 
Bioche.ical studies of different groups of algae fro. Cape 
Co.orin and Kovala. was reported by Sobha ~ Al.(1990). 
The seasonal variability or BYnoe. Musci(orMis, Gelidiella 
acerosa and Sargassu. vulgare fro. tbe southeast coast of Ja.aica 
was reported by Prasad and Potluri (1992) . Investigations on 
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seasonal changes in biocheaistry of seaweeds froa IArachi Coast 
has been reported (Qari, 1988; Qari and Qasia, 1993; Qari and 
Siddiqui, 1993) . Behairy and EI-Sayed (1983) reported biocheaical 
coaposition of aarine brown algae of Jeddah Coast, Saudi Arabia . 
Protein, peptides and free aaino acids of aarine algae has 
been reviewed by Kaliaperuaal ~ Al . (1987). Dhargalkar ~ 
Al . (1980)estiaated protein content of 43 species of aarine algae 
and found that protein level varied froa 10-33% . Seasonal 
variation in protein content of Gracilarja verrucosa froa the 
Aegean Coast of Izair, Turkey is reported (Ilyas and Sukan, 
1994) . Protein fractions of 3 species of seaweeds studied by 
Ochiai ~ 41.(1987) were rich in aspartic and glutaaic acid, 
glycine and alanine but poor in aethionine, tyrosine and 
histidine. Protein content of 15 species of benthic algae froa 
Bahrain was deterained using the dye-binding technique (Abbas ~ 
41., 1992). Proxiaate coaposition of wild and cultured strains of 
the red algae Palaaria palaata was studied by Hishra ~ 
41 . (1993) . Aaong the seaweeds studied by Parekh and Chauhan 
(1987), Padjna iyanospora and LaYrencia crucjata showed high 
total lipid content. 
The foregoing literature review indicates that there are 
very few works on productivity and chlorophyll content of aarine 
algae of Indian Seas. Studies on physiological and biological 
aspects of seaweeds in theraal effluent areas are totally 
51 
lacking. In tropical areas, seaweeds and other organisms live 
only a few degree below their upper lethal temperatures . 
Therefore it is important that close monitoring of environments 
be made to understand the changes that occ ur in the growth and 
survival of marine seaweeds. 
MATERIALS AND METHODS 
Regular sampling of seaweeds in the s tudy area was carr i ed 
out from October 1987 to September 1989. The polluted a nd control 
stations were fixed as described in Chapter 1. 
The th r ee species of seaweeds selected for study were t hos e 
found at Polluted and controll stations i n the study a rea 
throughout the year, so they were selected. 
1. Division 
Class 
Order 
Family 
Species 
Rodhophyta 
Rodhophyceae 
: Gigartinales 
Gracilariaceae 
Gracilaria verrucosa 
They are red to purple, brownish, translucent, 12 to 20 cms 
high. Fronds are irregularly branched, firm, fleshy and 
cartilaginous. It is used as raw material for agar manufacture. 
This is one of the several edible species of alagae found in 
shallow intertidal areas on muddy substrate, attached as 
epiphytes on seagrasses and are found in diverse ecological 
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conditions. It has been reported or described in conditions of a 
wide range of teaperature and is distributed widely in the 
earth ' s seas. 
2 . Division 
Class 
Order 
Faai Iy 
Species 
Chlorophyta 
Chlorophyceae 
Ulvales 
Ulvaceae 
EnteroaorDha coaDressa 
Plants are light or bright green in colour and adult plants 
are aore or less coapressed, dilated towards the apex, tapering 
below and with several branches . Fronds vary in lengths froa 1.5 
to 6.5 cas. It grows attached to dead aolluscan shells and 
exposed rocks in the intertidal area . This species is also coaaon 
in rivers flowing into the sea . They are capable of existing in a 
rather wide range of salinity often ascending soae distance into 
estuaries, especially when there is soae pollution activities . 
3 . Division 
Class 
Order 
Faa i I y 
Species 
Chlorophyta 
Chlorophyceae 
Cladophorales 
Cladophoraceae 
Chaetoaorpha Ijnya 
~ . Ijnya is green to yellowish green in colour and coaposed 
of unbranched filaaents, twisting together to fora cluaps or 
tangles. It is eaten as salad and cooked with fish, aeat etc . It 
grows on rocks and are often seen enaeshed with other algae. 
Prodyctjyjty 2L seaweeds: The aethod described by Qasia ~ Ai . 
(1972) was followed for the study. Freshly collected seaweeds 
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were carefully washed with filtered seawater and accli.atized for 
24 hours. Each species weighing 2 g. wet weight was kept in glass 
bottles of 300 .1 capacity. These bottles were filled with 
filtered seawater and closed tightly while i •• ersed in a bucket 
of seawater to prevent entry of at.ospheric oxygen. The bottles 
painted black , covered in alu.iniu. foil and further enclosed by 
black rexine was used as dark bottles. A sa.ple of seawater was 
fixed with Winkler A and B which was used as initial 
concentration of oxygen. The bottles were then suspended in the 
intertidal area approximately 20 c. from the surface. In each 
experiaent triplicate sets were used and incubated for a period 
of 3 hours . At the end of the exposure , the water in bottles were 
carefully siphoned off and fixed. A set of controls containing 
only seawater was also exposed in light and dark bottles. 
Increase and decrease in the light and dark bottles fro. the 
initial value were taken as photosynthesis and respiration 
respectively . Winkler deter.inations were carried out to 
calculate the oxygen produced and consumed . These values were 
then converted for carbon equivalents eaploying the factor 
0.536/1.25. Results were expressed in gC/ga/day. 
Chlorophyll Chlorophyll 'a', 'b ' and 'c' are esti.ated in the 
three species of seaweeds as described by Jaffery and Hu.phery 
(1975). 
Seaweeds collected fro. the sa.pling stations are washed 
with seawater. They were then washed with freshwater and rinsed 
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with distilled water. One ga of weighed seaweed was ground in 
mortar and pestle with 10 al of 90% acetone solution and 1 drop 
of aagnesiua carbonate solution. The solution was centrifuged at 
5000 rpm for 5 ainutes . The supernatent was collected and residue 
re-extracted with 10 al of 90% acetone. The supernatent was then 
aade upto 25 al with 90% acetone. The extinction was aeasured at 
664, 647 and 630 nm for chlorophyll 'a', ' b' and ' c ' respectively . 
The amount of chlorophyll in the samples was calculated 
using the following equations: 
Chlorophyll 'a' (Ca) = 11.6 D 1. 31 D 0 . 14 D 
664 647 630 
Chlorophyll 'b' (Cb) = 20.7 D 4 . 34 D 4 . 42 D 
647 664 630 
Chlorophyll 'c ' (Cc) = 55 . 0 D - 4.60 D 16.30 D 
630 664 647 
The results were expressed in ..ug/ga . 
Biochemical coaposition : Protein, carbohydrate and lipid are the 
three biocheaical parameters that were determined . Seaweeds were 
collected and debris removed using aabient seawater, then washed 
again with a jet of fresh water and finally washed with distilled 
o 
water . These seaweeds were dried in over at 60-70 C for 24 hours 
and dried aaterial was ground to a fine powder and sieved. This 
powdered and sieved seaweeds were taken for estiaation of 
protein, carbohydrate and lipid. 
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Protein: The prote i n content was analysed by the revised .ethod 
of Hartree (1912) . One gram of seaweed powder was soaked in 10 .1 
0 
IX sodium hydroxide and war.ed in a waterbath at 60 C for 3 hours 
and then cooled and centrifuged at 3000 rpm for 5 .inutes. To 0 . 1 
.1 of supernatent solution is taken into a test tube and .ade 
upto 1 .1 with 0 . 9 .1 of sodium hydroxide solution . To this 5 .1 
of alkaline copper reagent is added, which is prepared by .ixing 
50 .1 of reagent A (2 g. of sodium bicarbonate in 100.1 of O. IN 
sodium hydroxide solution) and 1 .1 of reagent B (0.5 g. of 
copper sulphate in 100 .1 of IX sodium potassium tartrate 
solution) . After 10 minutes, 0.5 .1 of IN Fol i n ' s reagent is 
added and kept for 30 minutes. The absorbance was .easured at 670 
n. after 30 .inutes . The absorbance of the sa.ple was corrected 
with a reagent blank . Results are expressed in percentage of 
protein/gm dry weight . 
Carbohydrate: The carbohydrate content was analysed by phenol-
sulphuric acid method of Dubois ~ Ai . (1956). One gram of seaweed 
powder soaked overnight in 10 .1 of IN sulphuric acid and was 
o 
kept in waterbath at 100 C tor 12 hours and centrifuged at 3000 
rpm for 5 .inutes. The supernatent was made to 50.1 using IN 
sulphuric acid and stirred well. To 0 . 1.1 of this solution, 0 . 9 
ml of IN sulphuric acid and I .1 of 5X phenol solution was added 
followed by 5.1 of concentrated sulphuric acid, agitated and 
after 30 minutes absorbance was .easured at 470 n.. The 
absorbance of the sample was corrected with a reagent blank. 
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Results are expressed in percentage carbohydrate/g. dry weight. 
Lipid : The lipid was extracted by the .ethod of Folch ~ Ai . , 
1957 and esti.ated by sulphovanillin .ethod (Barnes ~ Ai ., 
1973). To 0.1 g. of seaweed powder, 10.1 of chlorofor. and 
methanol .ixture (2 : 1) is added and homogenized and centrifuged 
at 3000 rp. for 10 .inutes . The solution was filtered and .ade 
upto 25 ml with chloroform and methanol mixture and mixed well . 
One ml of the mixture was taken in a test tube and evaporated at 
o 
50-60 C in a waterbath and then 1 .1 of concentrated sulphuric 
acid was added to the residue and mixed . The test tube was 
plugged with non absorbent cotton and kept in a water bath at 
o 
100 C for 10 .inutes . It was then cooled rapidly and to 0 . 2 .1 of 
aliquot , 5 ml of vanillin reagent was added (200 ml 
orthophosphoric acid + 50 ml water + 0.5 gm vanillin powder ) and 
mixed thoroughly. Aft e r 1 hour absorbance was measured at 520 nm . 
The absorbance of the sample was corrected with a reagent blank . 
Results are expressed in percentage lipid/g. dry weight . 
RESULTS 
Seaweeds could not be collected fro. station 1 (hot water 
effluent site) as there is no vegetation in this area . The 
average values of net production and resp i ration of seaweeds are 
presented in Tabl e 1 . Net production at station 2 was 
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co.paratively lower than the other stations for all the species 
studied. A si.ilar trend is noticed in the seasonal averages of 
chlorophyll 'a' ,'b' and 'c' (Table 2). At station 2 higher values 
of chlorophyll is observed for Chaeto.orpha linu. followed by 
Enteroaorpha co.pressa and Gracjlaria verrucosa. This variation 
is observed only in the case of station 2 were as in the other 
stations the chlorophyll content is .ore or less unifor. in 
E . co.pressa and ~ . Ijnya . The variation in protein and 
carbohydrate at station 2 when co.pared to that of station 5 is 
high in the increasing order of ~.co.pressa ) ~.Iinu. ) 
~.verrycosa (Table 3). The variations in lipid content is however 
in the order of ~.verrucosa ) ~.co.pressa ) ~ . Iinu • . At control 
station the protein is aaxi.u. in g.verrucosa in contrast to 
others and the situation is reversed in the case of station 2 
(waste water effluent site) . 
A two-way analysis of variance between stations and seasons 
for physiology of seaweeds indicate that all para.eters are 
significant at either 5% or 1% level (Table 4) . 
hydrographical paraaeters on net productivity 
Correlation of 
of different 
species of seaweeds is presented in Table 5. Water te.perature 
has a negative correlation with net production of E . co.pressa and 
y.verrycosa . Physical para.eters of seawater such as salinity, 
dissolved oxygen and pH are related to productivity at stations 3 
and 5 . A.ong nutrients, phosphate has a positive influence on 
production . Except for station 5, turbidity has a negative 
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influence on production . Physical parameters in general does not 
affect the chlorophyll content of seaweeds (Table 6). Nutrients 
is positively correlated with changes in chlorophyll 'a' content. 
Turbidity has a negative effect on chlorophyll 'a' at station 2. 
Correlation of hydrographical parameters on biochemical 
constituents are given in Table 7. The physical parameters has no 
definite influence on biochemistry of seaweeds. A wide spread 
dominance of nutrients on biochemical parameter is clearly 
evident at all stations . Turbidity controls the protein and 
carbohydrate variations at station 2 and 3 . 
The bimonthly net production values of ~.verrucosa and 
E.comoressa are presented in Fig . lA and lB. The production 
values show an increasing trend from stations 2 to 5 with peaks 
during premonsoon months of June and August . ~.linum (Fig.2A) 
showed peaks during the postmonsoon months (February-April) . An 
opposite trend is observed for chlorophyll ' a' with peak values 
during February-April for ~ . verrycosa (Fig . 2B) and E.comoressa 
(Fig.3A) . The variations in protein and carbohydrate contents 
show minor peaks during post.onsoon months (Fig.4A,B) while lipid 
content is high during monsoon (Fig.5). 
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Table 1 : Seasonal averages of net production and respiration 
of seaweeds at stations 2 to 5 . 
---------------------------------- - - ------- - ---------------------
Stations 
Parameter Season ----------------------------------
2 3 4 5 
-----------------------------------------------------------------
G..yerrucosa 
Net production Premonsoon 1.4 2.6 3 . 0 3.9 
(gC/gm/day) Monsoon 1.0 2.1 2 . 6 3.1 
Postmonsoon 1.2 2 .2 2.8 3.2 
Respiration Premonsoon 3.1 1.6 1.3 1.0 
(gC/gm/day) Monsoon 2.9 1.5 1.1 0.7 
Postmonsoon 3.0 1.5 1.3 0.8 
E. . compress a 
Net production Premonsoon 1.6 2.0 2.5 2 . 6 
(gC/gm/day) Monsoon 1.0 1.6 2 . 3 2 .2 
Postmonsoon 1.2 1.8 2 . 3 2 . 4 
Respiration Premonsoon 2 . 9 1.7 1.4 1.0 
(gC/gm/day) Monsoon 2 . 3 1.3 1.0 0.9 
Postmonsoon 2.4 1.5 1.3 0.9 
G.. linum 
Net production Pre monsoon 1.2 1.4 2.1 2.3 
(sC/gm/day) Monsoon 1.1 1.3 1.9 2.2 
Postmonsoon 1.4 1.8 2 . 3 2 . 9 
Respiration Premonsoon 2.6 2.2 1.9 0.9 
(gC/gm/day) Monsoon 2.8 2 . 3 2.0 1.0 
Postmonsoon 3.0 2.5 2 . 0 0.4 
- --------------- - ------- --------------------- ------------ - -------
Table 2 : Seasonal averages of Chlorophyll 'a', 'b' and 'c' 
of seaweeds at station 2 to 5, 
Parameter 
(i , yerrucosa 
Chlorophy 11 'a' 
( .ug/gm) 
Chlorophyll 'b' 
( .ug/gm) 
Chlorophyll 'c' 
( .ug/gm) 
E. .compressa 
Chlorophyll ' a' 
( .ug/gm) 
Chlorophyll 'b' 
( ..ug/gm) 
Chlorophyll 'c' 
( .).Ig/gm) 
G.. Unum 
Chlorophy 11 'a' 
( .ug/gm) 
Chlorophyll 'b' 
( .ug/gm) 
Chlorophyll 'c' 
( ..ug/gm) 
Season 
Premonsoon 
Monsoon 
Postmonsoon 
Premonsoon 
Monsoon 
Postmonsoon 
Premonsoon 
Monsoon 
Postmonsoon 
Premonsoon 
Monsoon 
Postmonsoon 
Premonsoon 
Monsoon 
Postmonsoon 
Premonsoon 
Monsoon 
Postmonsoon 
Premonsoon 
Monsoon 
Postmonsoon 
Premonsoon 
Monsoon 
Postmonsoon 
Premonsoon 
Monsoon 
Postmonsoon 
2 
0.2 
0.1 
0 . 2 
0 . 2 
0 . 2 
0.3 
0.2 
0 . 1 
0.2 
0.6 
0.6 
0.9 
0 . 6 
0 . 7 
0 . 9 
0 . 6 
0.5 
0.6 
1.2 
0.9 
1.1 
1.3 
1.0 
1.2 
1.9 
1.1 
1.3 
Station 
3 
0.2 
0 . 2 
0 . 3 
0.6 
0.5 
0.6 
0.4 
0.3 
0.5 
1.3 
1.1 
1.3 
1.4 
1.1 
2.1 
1.2 
1.0 
2 . 1 
1.2 
1.0 
1.2 
2.0 
1.3 
2.0 
2.3 
1.6 
2 . 0 
4 
0 . 4 
0 . 3 
0.6 
1.0 
0.9 
1.2 
0.9 
0.6 
1.0 
1.9 
1.3 
2.2 
2.4 
1.6 
3.4 
2 . 3 
1.4 
3.2 
1.6 
1.4 
1.6 
2.6 
2.2 
2.5 
2.6 
2 . 2 
2 . 4 
5 
0 . 3 
0.3 
0.6 
1.0 
0 . 9 
1.2 
0.9 
0 . 9 
1.1 
1.6 
1.4 
2 .2 
2.4 
1.6 
3 . 5 
2.2 
1.5 
3.3 
1.6 
1.5 
1.6 
2.6 
2.2 
2.5 
2.9 
2 . 4 
2 . 5 
Table 3 : Seasonal averages of protein. carbohydrate and lipid 
of seaweeds at station 2 to 5. 
Parameter 
G.. yerrucosa 
Protein (%) 
Carbohydrate (%) 
Lipid (%) 
Ii.compressa 
Protein (%) 
Carbohydrate (%) 
Lipid (%) 
G. . Unum 
Protein (X) 
Carbohydrate (X) 
Lipid (X) 
Season 
Pre monsoon 
Monsoon 
Postmonsoon 
Premonsoon 
Monsoon 
Postmonsoon 
Premonsoon 
Monsoon 
Postmonsoon 
Premonsoon 
Monsoon 
Postmonsoon 
Premonsoon 
Monsoon 
Postmonsoon 
Pre monsoon 
Monsoon 
Postmonsoon 
Premonsoon 
Monsoon 
Postmonsoon 
Premonsoon 
Monsoon 
Postmonsoon 
Premonsoon 
Monsoon 
Postmonsoon 
2 
5.2 
4.2 
5.6 
17.7 
18.7 
21.5 
2.0 
1.4 
3.5 
7.2 
7.4 
9.1 
14.8 
20.0 
16 . 3 
3.1 
4.3 
3 . 7 
5 . 7 
4.6 
6.2 
14.8 
16.0 
16.9 
1.4 
1.2 
2.6 
Station 
3 
12.2 
10.7 
12.6 
24.2 
25.8 
30.9 
2 . 9 
2 . 6 
4 . 3 
9.1 
7.8 
9.6 
20.8 
25.9 
24 . 9 
6.9 
7.7 
7.3 
8.9 
8.1 
9.7 
18.8 
18 . 7 
20.1 
6 . 2 
5.7 
B. 2 
4 
17.1 
16 . 4 
18.1 
37.2 
36.8 
44 . 7 
3 . 8 
3.4 
5.8 
11 . 5 
10.4 
13.5 
21. 7 
28.6 
24 . 0 
9 . 9 
10 . 9 
10.2 
12.2 
10.6 
13.2 
28.5 
27.3 
30.3 
11.0 
10.3 
12.4 
5 
17.1 
15.3 
18.4 
37.2 
37.1 
45 . 5 
5.5 
4.8 
7.7 
10.6 
11.4 
13 . 5 
21.8 
28.7 
24 . 0 
9.9 
11.7 
10.7 
12 . 6 
10 . 9 
13.4 
30.1 
29.3 
31.2 
11.2 
10.5 
12.8 
Table 4 : A two-way ANOVA between stations and seasons 
for physiology of different species of seaweeds . 
--------------------- ---------------- - ------------ - --------------
Parameter Source df SS MSS F P 
---------------- ----------------------- ---------- - - --- - --- - -- ----
Net production 
G..:i:c:t:l:l.Iccaa Treatment 3 10.52 3.51 47.29 P<O.Ol 
Replicate 2 0.90 0.41 6 . 68 P<0.05 
Error 6 0.45 0.07 
K.cQlIIl!l:e:l:;a Treatment 3 2.60 0 . 87 111. 26 P<O.Ol 
Replicate 2 0.33 0.16 21.00 P<O . Ol 
Error 6 0.05 0 . 01 
C. Unum Treatment 3 2 . 83 0.94 82.80 P<O.Ol 
Replicate 2 0.49 0.24 21.29 P<O.Ol 
Error 6 0.07 0.01 
ChlQI:Ql2hl£ll . a . 
(i. lI:e I:I:UCQ:; a Treatment 3 0.15 0.05 8.95 P<0.05 
Replicate 2 0.09 0.04 7.80 P<0.05 
Error 6 0.03 0 . 01 
K . C:Qm~I:essa Treatment 3 2.00 0.69 15.02 P<O.Ol 
Replicate 2 0 . 51 0.25 5.70 P<0.05 
Error 6 0.27 0 . 04 
C. 1 j Dum Treatment 3 2.49 0 . 83 129 . 74 P<O. Ol 
Replicate 2 0.76 0 . 38 59 . 61 P<O.Ol 
Error 6 0.04 0.01 
(i . yel:l:ucQ:la 
Protein Treatment 3 294.62 98.21 588.37 P<O .Ol 
Replicate 2 8.35 4 . 18 25.02 P<O. Ol 
Error 6 1.00 0 . 17 
Carbohydrate Treatment 3 916 . 71 305.57 159.04 P<O.Ol 
Replicate 2 106.81 53 . 41 27.80 P<O.Ol 
Error 6 11.53 1. 92 
Lipid Treatment 3 22.61 7 . 54 103.16 P<O.Ol 
Replicate 2 11. 44 5 . 72 78.26 P<O. Ol 
Error 6 0.44 0.07 
E. . cOIl1~I:e5.sa 
Protein Treatment 3 37.02 12.34 30 . 57 P<O.Ol 
Replicate 2 10.91 5 . 46 13.52 P<O.Ol 
Error 6 2.42 0.40 
Carbohydrate Treatment 3 126.82 42 . 27 48.48 P<O . Ol 
Replicate 2 73.23 36 . 62 41.99 P<0.01 
Error 6 5.23 0.87 
Lipid Treatment 3 96.23 32.08 645.23 P<O.Ol 
Replicate 2 2 . 90 1. 45 29.12 P<O. Ol 
Error 6 6.30 6.05 
C. Unum 
Protein Treatment 3 90.98 30.33 346.66 P<O.Ol 
Replicate 2 8.80 4.40 50.27 P<O.Ol 
Error 6 0.53 0 . 09 
Carbohydrate Treatment 3 444.54 148.18 418 . 58 P<O . Ol 
Replicate 2 7.70 3.85 10 . 87 P<0.05 
Error 6 2.12 0 . 35 
Lipid Treatment 3 190.48 63 . 49 948.41 P<O.Ol 
Replicate 2 9 .31 4 . 66 69 . 55 P<O . Ol 
Error 6 0 . 40 0 . 07 
-------- - -- - --- ---- - --- -------- ----- - - - --- ----------- - -----------
Table 5 Correlation of hydrographical parameters on 
net productivity of different species of 
seaQeeds . 
Parameters 
Station 2 
Water temperature 
Salinity 
Dissolved oxygen 
pH 
Phosphate 
Nitrate 
Silicate 
Turbidity 
Station 3 
Water temp . 
Salinity 
Diss.oxygen 
pH 
Phosphate 
Nitrate 
Silicate 
Turbidity 
Station 5 
Water temp . 
Salinity 
Diss . oxygen 
pH 
Phosphate 
Nitrate 
Silicate 
Turbidity 
G.verrucosa 
- 0.38 
0.24 
0 . 20 
- 0.24 
0.61* 
0 . 11 
0.17 
- 0 . 76* 
- 0 . 30 
0.43* 
- 0.30 
- 0 . 46* 
0 . 37 • 
0.18 
- 0.03 
- 0 . 42* 
- 0.18 
0.59* 
- 0.39 
- 0.31 
0.11 
0 . 14 
- 0 . 04 
- 0 . 11 
Net productivity 
E.compres5a 
- 0 . 45* 
0.25 
0 . 23 
- 0.24 
0 . 64* 
0 . 17 
0.09 
- 0.70* 
- 0 . 22 
0.39 
-0 . 24 
- 0.39 
0 . 51* 
0 . 37 
0 . 28 
- 0 . 45* 
- 0 . 01 
0 . 52* 
- 0.46* 
- 0.11 
0.09 
0.14 
0.22 
- 0 . 29 
* indicates significant correlation 
C. linum 
0.10 
- 0.04 
-0.06 
- 0 . 16 
0 . 26 
0 . 36 
0.59* 
-0.26 
0.16 
0 . 12 
0.01 
0 . 09 
0.34 
0.28 
0 . 52* 
0 . 13 
0.17 
- 0.11 
- 0.08 
0 . 34 
- 0 . 31 
0.04 
0.13* 
- 0 . 11 
Table 6 Correlation of hydrographical parameters on 
chlorophyll 'a' of different species of 
seaweeds. 
Parameters 
Station 2 
Water temperature 
Salinity 
Dissolved oxygen 
pH 
Phosphate 
Nitrate 
Silicate 
Turbidity 
Station 3 
Water temperature 
Salinity 
Dissolved oxygen 
pH 
Phosphate 
Nitrate 
Silicate 
Turbidity 
Station 5 
Water temperature 
Salinity 
Dissolved oxygen 
pH 
Phosphate 
Nitrate 
Silicate 
Turbidity 
G.verrucosa 
0.71* 
0 . 01 
0 . 14 
- 0.15 
0 . 41* 
0.39 
0.57* 
- 0.45* 
0 . 16 
0.09 
0.04 
0 . 06 
0 . 42* 
0.45* 
0 . 78* 
- 0.21 
0.17 
- 0 . 30 
- 0.01 
0 . 39 
- 0 . 45* 
0.09 
0 . 70* 
- 0 . 16 
Chlorophyll ' a" 
E. compressa 
- 0.07 
- 0.05 
0.01 
- 0.25 
0 . 08 
0 . 48* 
0.52* 
- 0.39 
0 . 10 
0.06 
- 0. 01 
- 0.08 
0 . 45* 
0 .25 
0 . 61* 
- 0.14 
0 . 07 
0.07 
- 0.19 
0.20 
- 0.40 
0.10 
0.70* 
- 0 . 26 
* indicates significant correlation 
C.linum 
- 0 . 34 
0.21 
0.21 
- 0.14 
0.53* 
0.27 
0.32 
- 0.49* 
- 0 . 14 
0 . 33 
- 0.30 
- 0.39 
0 . 35 
0 . 17 
0 . 30 
- 0 . 27 
- 0 . 08 
0.54* 
- 0 . 47* 
- 0 .1 5 
0 . 07 
0.14 
0.16 
- 0.21 
Table 1 
Parameters 
Station 2 
Water temp. 
Salinity 
Diss . oxygen 
pH 
Phosphate 
Nitrate 
Silicate 
Turbidity 
Station 3 
Water temp. 
Salinity 
Diss . oxygen 
pH 
Phosphate 
Nitrate 
Silicate 
Turbidity 
Station 5 
Water temp . 
Salinity 
Diss.oxygen 
pH 
Phosphate 
Nitrate 
Silicate 
Turbidity 
Correlation of hydrographical parameters on 
biochemical constituents (Protein. Carbohydrate. 
and Lipid) of different species of seaweeds. 
G.verrucosa 
P 
0 . 11 
- 0 . 23 
- 0 . 04 
- 0 . 10 
0.01 
0.41* 
0.31 
- 0 . 42* 
- 0.14 
0 . 02 
0.01 
-0.17 
0.45* 
0 . 61* 
0.63* 
- 0 . 45* 
0 . 06 
0.13 
- 0.21 
0.15 
-0.43* 
0 . 09 
0.65* 
- 0.21 
C 
0.25 
- 0.22 
- 0 . 01 
- 0.02 
- 0.32 
0.42* 
0.68* 
0.31 
0 . 12 
- 0 . 10 
0.04 
- 0.04 
0.36 
0.54* 
0.53* 
- 0 . 24 
0.20 
- 0.22 
- 0.10 
0.41* 
-0.33 
0.08 
0.68* 
- 0.18 
L 
0 . 12 
- 0 . 15 
- 0 . 06 
- 0.09 
0.02 
0.51* 
0 . 11* 
- 0.01 
0 . 22 
- 0.02 
0.04 
0 . 01 
0.43* 
0 . 41* 
0 . 16* 
- 0.08 
0.22 
-0.10 
- 0.12 
0 . 33 
-0.37 
0.04 
0.13* 
-0.18 
K.compressa 
P 
0.11 
- 0.33 
0.04 
- 0.03 
-0.25 · 
0.12* 
0.85* 
0.15 
- 0.02 
0.09 
- 0.09 
- 0.11 
0.59* 
0.58* 
0.12* 
- 0 . 43* 
0.08 
- 0 . 31 
0 . 06 
0.36 
- 0 . 16 
- 0.10 
0.69* 
- 0.16 
C 
0.40 
- 0.10 
-0.34 
0 .19 
- 0 . 45* 
- 0 . 43* 
- 0 . 39 
0 . 60* 
0.19 
- 0.43* 
0.36 
0 . 33 
- 0.34 
- 0.05 
0 . 03 
0 . 17 
- 0.11 
- 0.61* 
0.50* 
0.04 
0.11 
- 0.24 
0.02 
0.30 
L 
0.35 
- 0 . 12 
- 0 .21 
0.12 
- 0.45* 
- 0.32 
- 0.25 
0.64* 
0.09 
- 0.36 
0 . 32 
0.45* 
- 0.46* 
- 0.36 
- 0.30 
0.36 
- 0.02 
- 0.35 
0.35 
0.06 
- 0.10 
- 0.17 
- 0.14 
0.11 
C.linum 
P 
- 0 . 14 
0.05 
0 .29 
- 0 . 19 
0 .21 
0 . 48* 
0.66* 
- 0.28 
0.16 
0.13 
- 0.08 
- 0.09 
0 . 51* 
0.56* 
0.71* 
- 0.22 
- 0.25 
0.25 
- 0.39 
0.11 
- 0.30 
0.05 
0.56* 
- 0.30 
C 
0.41* 
- 0.32 
- 0.10 
0.01 
- 0.55* 
0.29 
0 . 44* 
0.40 
0 . 15 
- 0.09 
0.11 
0.09 
0.31 
0.49* 
0.65* 
- 0.15 
0 . 26 
0 . 05 
- 0.31 
0.20 
- 0.54* 
- 0.08 
0.40 
- 0 . 20 
* indicates significant correlation 
L 
0 . 18 
-0.18 
0.06 
- 0.12 
-0.15 
0.53* 
0 . 14* 
0.02 
0 . 22 
- 0.03 
- 0 .01 
0.03 
0.43* 
0 . 41* 
0 . 18* 
- 0 . 14 
0.15 
0 .05 
- 0 . 12 
0 .08 
- 0.41* 
0.04 
0.68* 
- 0.26 
Fig lA Net production or Gracilaria verrucosa at 
stations 2 , 3 and 5 
Net production - Gracilaria verrucosa 
gC/gm/day Fig lA 
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Fig IB Net production of Entero.orpba co.presla at 
stations 2, 3 and 5 
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DISCUSSION 
It is generally conceded that te.perature is the .ost 
important single factor governing occurrence and behaviour of 
life. The introduction of war. water into an ecosystem is known 
to affect the .etabolic rate of organis.s. The total absence of 
seaweed vegetation at station 1 (hot water site) clearly indicate 
o 
that seaweeds cannot survive at a te.perature above 35 C. Cairns 
(1964) defined pollution as "any environ.ental change which 
alters the species diversity more than 20X fro. the e.pirically 
deter.ined level for that particular locale " . Biebl (1962) found 
that the thermal death point of sub.erged algae in Puerto Rico to 
o 
be 32-35 C. A rise in temperature above the .axi.u. upper li.it 
doubles the respiration rate resulting in low PIR ratio (Hoh.an 
and Tsuda , 1973). Markowski (1960) reported luxuriant growth of 
Enteromoroha sp . on settling plates in a ther.al discharge 
stream . At an effluent site in Maine , Arndt (1968) found 
Entero.oroha abundant replacing Fucus and Ascophyllu • . 
Roessler (1971) reported that as te.peratures increase the 
red and brown algae are the first eli.inated, and at the highest 
te.perature even the green algae .ay be lost and only the blue-
greens survive. The algae observed at station 2 were y.verrucosa, 
~ . co.pressa and ~ . Ijnu • . The red alga Y.verrucosa is found 
attached as epiphyte on the seagrass Halodule ynjnervis . The 
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geographical features of Tuticorin Bay creates a condition 
si.ilar to that described by MacArthur (1972) . The ther.al 
outfall creates a war. water " island " (station 2) so.e distance 
to the north of war. water "continent" (station 1) . Te.perature 
o 
incre.ents of 7-8 C between ther.al effluent site and waste water 
effluent site, results in the survival of hardy local species , 
resistant to war. water and effective at colonising disturbed 
areas. 
A co.bination of increased te.perature and turbidity leads 
to reduced net production and chlorophyll content at station 2. 
The chlorophyll content is influenced by nutrients and light 
intensity (Behairy and EI-Sayed, 1983) . 
The bioche.ical constituents of seaweeds are positively 
affected by the a.ount of nutrients present in seawater (Table 
7) . Soliaabi ~ Ai .( 1980) did not observe any relationship 
between nutrients and bioche.ical co.position of seaweeds except 
that the high protein content is associated with high nitrogen in 
seawater . The waste water effluent site contain relatively higher 
a.aunt or nutrients which contribute to the growth of available 
algae . 
Protein content of Entero.orpha prolifera in a sewage 
outflow site was high when co.pared to non polluted sites 
(Tewari, 1972). The bioche.ical constituents of algae fro. the 
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waste water site in the present study was less than the control 
stations. This probably indicates that the positive influence of 
nutrients at this station is overcoae by the negative influence 
of elevated teaperature. Elevated teaperatures directly influence 
aetabolic activities of seaweeds (Vadas, 1979). Theraal pluae 
also produce or induce indirect effects such as turbidity and 
sedimentation in discharge areas. When coapared to other plant 
coamun i ties such as seagrass beds , the teaperature effects on 
algal coaaunity is iamediately apparent. 
The species diversity and density of algal populations is 
higher in the control stations than at the theraal and waste 
water effluent site . According to van Tine (1981) these findings 
are not surprising since i t is well known principle of ecology 
that systes under stress become simpler and more hoaogeneous. The 
water depth at the hot water effluent site of TTPS is less that 2 
meters. According to GESAHP (1984) the thermal plume can be 
deleterious to benthic communities if the receiving waters are 
shallow . On the other hand, if the receiving waters are 
sufficiently deep, the plume will spread out at soae interaediate 
level and dilution will be enhanced due to the absence of 
boundary . A survey conducted by Henon ~ &1 . (1993) at Tuticor i n 
Coast revealed that for the past 7-8 years there were rapid 
changes in algal population associated with .ajor alterations of 
the environment. Another significant observation aade by thea i s 
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that seagrasses have superseded seaweeds. Sedimentation caused by 
excessive deposition of flyash prevented the seaweeds to anchor 
themselves on the muddy bottom. 
The results of the study on the productivity, chlorophyll 
content and biochemical constituents of seaweeds indicate that 
the effluents of TTPS has an adverse impact on the algal 
populations of Tuticorin Bay . Elevated temperatures of the 
thermal plume prevents the survival of algae in the near areas of 
the discharge site. The waste water effluents in combination with 
the increased temperature negatively affects the physiology and 
biochemistry of the few species of algae that survive in the 
area . The overflow of flyash from the flyash pond into the 
intertidal area has created an artificial, non productive, 
shallow and deleterious environment devoid of bottom vegetation . 
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Chapter 3 
Heavy Metals in Seawater, Sediments 
and Seaweeds 
INTRODUCTION 
Pollution by .etal arises fro. various land based 
operations such as .ining, .illing and s.elting activities. So.e 
of the metals .ay enter the sea through the aquatic route while a 
certain proportion reaches the oceans via at.osphere and is 
washed out by rain. Smelter e.issions and coal burning ther.al 
plants trans.it substantial quantity of .etal into 
atmosphere. 
The products of coal co.bustion .ainly consists of flyash, 
particles of unburned fuel, nitrogen oxides and unburned 
hydrocarbon. Estimated production of flyash in India is about 40 
.illion tons per annum. It is calculated that for generation of 1 
HW of power, lO .etric tons of coal is required . This generates 4 
.etric tons of ash. The flyash generated fro. the Tuticorin 
Thermal Power Station (TTPS) is collected by electrostatic 
precipitators (ESP) and mixed with seawater to for. a slurry 
which is pumped to the flyash pond . The flyash pond of TTPS was 
constructed by enclosing a water area of Tuticorin Bay with a 
dyke of 2 k •. in length . The dyke has a foundation of large loose 
rock boulders through which seawater freely enters the pond 
during high tide and when tide recedes the flyash leaches out to 
the Tuticorin Bay. Flyash is a co.plex mixture of various solids, 
se.isolids and gaseous phases consisting of nu.erous inorganic 
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and organic compounds. The major heavy metals present in flyash 
are Copper, Lead , Nickel, Zinc, Iron , Aluminium, Chromium, 
Ma gnes ium and Mercury e tc. Here in thi s study Copper, Lead , 
Nickel, Zinc and Iron were analysed in Seawater, Sediments and 
Seaweeds. 
Another source of pollution from TTPS i s the discharge o f 
waste water. The amount of waste water discharged is 
appr ox i mately 54 t ons/day . This consists mai n l y of acidic a nd 
alkal ine chemical solutions used in cleaning power plant 
equipments, acid water drainage from coal storage and waste water 
con t aminated with petroleum products such as oil and g rease. In 
addition to pollution by flyash and waster water effluents, the 
discharge of hot water also plays and impor t ant role. Wate r of 
high t emperature in combination with the flyash slurry and waste 
wate r ma y promote the leachi ng of heavy metals . 
The intermixing of flyash and s eawater results i n 
suspension of solids in t he water ' col umn a nd tu r bidity . In course 
of time the flyash settles to the bottom of the intertidal area . 
Waste wa t e r ge ne rated f rom t he rma l power pl a nt s are harmful t o 
the aquatic system into wh i ch they are d i scharged. Heavy metal s 
a re t ox ic because the y accumulate i n the organs of mar i ne 
o rga ni s ms such as s e awe ed , f i shes and shrimps. 
Thi s chapter, there fore deals with the heavy me tal 
concentration of : 
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i) seawater and sediaents of polluted and control areas of 
Tuticorin Bay and 
ii) the heavy aetal content of seaweeds resulting froa 
bioaccuaulation. 
A review of literature pertaining to heavy aetals in 
theraally polluted aarine water areas revealed that there is no 
detailed work carried out in this field . There are, however, 
nuaerous studies on heavy aetals of natural aarine waters and 
other polluted systeas. 
The heavy aetal concentrations of seawater, sediaents, 
fishes and seaweeds have been reported fro. different parts ot 
the world (Constantani ~~., 1991; Schintu et ~., 1991; Ashraf 
~ li·, 1992; Dunn ~ li. , 1992 ; Herut ~ Jli ., 1993 ; Tariq ~ 
AJ. . , 1993 ; Striso ~ li. , 1995). These studies are either 
baseline observation or deals with domestic and industrial 
pollution . 
In India , heavy aetals in seawater and sediaents ot both 
the west coast and east coast is available in the literature 
(Murthy et Ai ., 1978; Sen Gupta ~ AJ. . , 1978; Matkar ~ Ai., 
1981 ; Zingde and Desai 1981; Patel ~ li. , 1985 ; Rao and 
Indusekhar, 1986; Kumar and Pillai , 1990 ; Kannan ~ Ai., 1992) . 
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Ganesan and Kannan (1995) studied iron aanganese 
concentrations in seawater and aarine algae of Tuticorin Coast. 
They found that the iron and aanganese were appreciably higher 
than the other parts of the Indian Coast. Deco.position of 
organic particulates and dead phytoplankton cells contributed to 
the high heavy aetal values along Saurashtra Coast (Rao and 
Indusekhar, 1986). 
UNEP (1985) presents data on the concentrations of heavy 
Metals of Indian Ocean region. Ganesan and Kannan (1995) found 
high content of iron and aanganese in the sediaent of Tuticorin 
Coast during Monsoon and POStMOnSOOn seasons due to increased 
inputs frOM land runoff . Fine grained sediaent hold relatively 
high concentration of aetals (Murthy ~ Al . , 1978) . The above 
studies indicate that the trace Metal content of seawater and 
sediaent is .any fold higher than that of unpolluted systeas. The 
studies also underline the need for close aonitoring of heavy 
aetals in areas susceptible to pollution . 
Many species of Macroalgae accuaulate pollutants in their 
tissues . This capacity to absorb pollutants has long been 
recognized as a valuable tool for Monitoring environaental 
pollution . Since the first study on aetal level in aacroalgae 
(Black and Mitchell, 1952) different species have been used as 
92 
indicators of heavy .etal pollution (Patel ~ Ai., 1980; 
Cullinane ~ Ai., 1987; Raairez ~ Ai·, 1990; Rajendran ~ Ai·, 
1993; Rao ~ Ai. , 1995; Jayasekera and Rossback , 1996; Vasquez 
and Guerra, 1996). 
Environ.ental para.eters such as te.perature and salinity 
can affect .etal uptake in algae by directly affecting growth 
(Burdon-Jones ~ Ai., 1982) . Seasonal variation in uptake of 
heavy .etals by algae has also been reported (Haug ~ Ai., 1974; 
Phillips, 1977 ; Rao and Indusekhar, 1989; Hunda and Hudnik, 1991; 
Sfriso ~ Ai., 1995; Haritonidis and Halea, 1995; Riget ~ Ai. , 
1995) . Ganesan and Kannan (1995) found significant correlation 
between high levels of metals in algae with high concentrations 
in seawater . However, Halea ~ Ai.(1995) correlated seasonal 
variation in heavy metals of algae with their concentrations in 
sediments and was not significantly related with their dissolved 
level is seawater. 
The concentration ot heavy metals i n seaweeds in the west 
coast of India is well documented (Zingde ~ Ai., 1976 ; Agadi ~ 
Ai . , 1978; Patel ~ Ai . , 1980; Rao and Indusekhar, 1986 , 1987 , 
1989; Fernandez ~ Ai., 1995). Kumar ~ Ai . (1990) tound that the 
concentration of heavy metal in Sargassu. tenerjmum in the 
vicinity of the discharge ot a caustic soda plant is 
comparatively higher than the control station. The importance ot 
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aonitoring the teaporal variation and flux rates of various heavy 
and trace aetals in the species linking the aquatic food chain 
and leading to critical 
li. (992). 
levels is aentioned by Sobha 
Along the east coast of India, heavy aetal concentration in 
seaweeds is reported (Rajendran ~ li., 1993; Ganesan and Kannan , 
1995; Rao II .ILl., 1995). Copper and zinc concentration of 
seaweeds analysed by Ganesan ~ .ILl. (1991) was higher than the 
.aximua peraissible liaits prescribed for seafoods. Kannan et 
.Il.l.(1992) observed greater concentration factor for copper and 
iron than those of other metals in seagrasses . 
The review of literature reveals that heavy aetal 
concentration of seawater and sediments in natural and polluted 
conditions are well studied . The iaportance of seaweeds as 
indicator of pollution are also well understood. Heavy aetals 
from do.estic , industrial and sewage pollution and their effect 
on algae has also received soae attention. However, studies on 
heavy .etals of algae from ther.al effluent areas are lacking . 
Therefore , the present study is aiaed as a prel iainary 
documentation of heavy metal in algae froa an area of theraal 
pollution . 
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HATERIALS AND HETHODS 
Seawater and sediaent saaples were collected froa stations 
1 to 5 every aonth froa October 1987 to Septeaber 1989. The 
stations were fixed as described in chapter 1. Surface water 
samples were collected in triplicate i n acid washed plastic 
bottles . Top layer sediaents were collected in plastic bags. 
Seaweeds were collected from stations 2 to 5. 
Heavy aetals suc h as copper (Cu), Lead (Pb) , Nickel (Ni), 
Zinc (Zn) and Iron (Fe) in seawater, sediaents and seaweeds were 
analysed using standard aethods . Polarized 
Absorption Spectrophotoaeter (AAS) incorporated wi t h autoaatic 
curve correction microprocessor was utilized for aetal analysis . 
The light source was intersitron Hollow Cathode Laap (HCL). Air-
acetylene was the oxidant-fueJ coabination with a compatible 10 
cm burner head . 
Hetals in seawater: Heavy aetals in seawater was deterained 
following the Aaaoniua pyrollidine Dithiocarbaaate (APDC) and 
Hethyl Isobutyl Ketone (HIBK) extraction aethod (Brooks ~ Ai., 
1967) . 
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Water sa.ples were filtered through 0.45 .icron .illipore 
filter paper and pH was adjusted between 4 and 5 using 
hydrochloric acid (6N) . To 750 .1 seawater sa.ple taken in 1 
litre polypropylene flask, 35 .1 of HIBK and 7.1 of IX APDC 
solution was added. The sa.ples were then equilibrated for 30 
minutes on a .echanical shaker. The phases were separated by 
means of separatory funnel and the organic phases were stored for 
analysis. In order to prepare a working curve, another 20 ml of 
HIBK was added to the sample of extracted seawater and phases 
were again separated after a further 5 minutes equilibration. The 
purpose was to ensure that the seawater used for calibration was 
as free as possible from the trace ele.ents. Extracted water 
samples were aspirated into ato.ic absorption spectrophoto.eter 
within 3 hours of extraction. Results are expressed in .ug/L. 
Hetals in sedi.ents : Heavy .etals in sediments were extracted and 
analysed according to the method of Sinex et Ai.(1980). 
o 
Sediment samples were oven dried at 80 C and sieved to 
eli.inate shell frag.ents , visible organis.s and roots. To 5 g. 
of sample in 500 ml boiling flask, 90.1 concentrated nitric acid 
and 10 .1 concentrated hydrochloric acid were added. The contents 
were refluxed on a hot plate for 4 hours with vigorous boiling . 
The acid extracts are centrifuged, filtered and brought to a 
fixed volume and analysed by ato.ic absorption spectrophoto.eter 
within 3 hour of extraction . Results are expresRed in -llg/g •. 
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Metals in seaweeds: Heavy .etals f~o. seaweeds we~e ext~acted and 
analysed acco~ding to the .ethod of Say ~ Ai.(1986). 
D~ied .ate~ial was g~ound to a fine powde~ and then ~ed~ied 
fo~ 3 hou~s. Duplicate sub sa.ples of each seaweed weighing 1 g. 
we~e digested with 10 .1 of 2M nit~ic acid and heated to nea~ 
d~yness. The ~esidue was then ~esuspended in 10 .1 of 2M nit~ic 
acid , filte~ed and .ade upto 25.1 with .eta1 f~ee double 
distilled wate~ and sto~ed in p~e (acid) cleaned polyethylene 
containers. Reagent blanks we~e also prepa~ed . The concentration 
of heavy .etals was deter.ined by aspirating the sa.ples into a 
atomic absorption spectrophoto.eter and results expressed as 
.ilg/g_ dry wt . 
RESULTS 
Table 1 gives seasonal averages of heavy .etal values of 
seawater and sedi.ents . The heavy .etals , in general , show a 
decreasing trend fro. station 1 to 5 for both seawater and 
sedi.ents . Lead, nickel and zinc in seawater were high at station 
2 than that of station I, while in sedi.ent all the heavy .etal 
studied were co.paratively higher in station 2. Seasonal averages 
of heavy .etal concentrations of different species of seaweeds 
are presented in Table 2 . Except iron all other .eta1s in 
~ . verrucosa were high during the .onsoon .onths. In the case of 
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E . coaprella, copper and iron were high during pOltaonloon and 
aonsoon while the other aetall were high during aonloon. Zinc and 
i ron were high during postaonsoon aonths in ~.Iinua while the 
copper, lead and nickel values predoainated during aonloon. 
The results of two-way ANOVA between stationl and leasons 
for heavy aetals in seawater and sediaents are presented in Table 
3. The variation in iron between season is not significant 
(P<O . 05) . In the concentration of lead wal 
insignificant between stations while zinc and iron concentrations 
did not vary significantly between seasons. The accuaulation of 
copper in Q.verrucosa and ~ . Iinua was not different between 
stations (Table 4). In addition to copper the variations in 
n ickel of ~ . Iinua was also insignificant between 
(P>O . 05) . 
stations 
Correlation matrices of environaental paraaeters with 
seawater at stations 1,2 and 5 are given in Table 5. Water 
teaperature and nitrate influenced the variations of zinc, iron 
and copper at station 1. At station 2, copper, lead and zinc were 
negatively related with phosphate while iron wal positively 
related. Turbidity have a positive influence on variations in 
aost of the aetal studied . Table 6 presents the correlation 
matrices of environmental paraaeters, aetals in seawater and 
sediaents with nickel and zinc in seaweeds . All paraaeters except 
phosphate showed significant positive relation with nickel and 
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zinc values oC ~.verrycosa and E.coapressa at station 2. At 
station 5 the nickel and zinc of algae were positively related 
with the respective aetals in seawater. linear regression of 
heavy aetals in seawater and seaweeds at station 2 and 5 are 
presented in Table 7. 
The biaonthly variation in heavy aetal concentration at 
station I. 2 and 5 in seawater and sediaents are depicted in Fig. 
IA to 5B . The concentration of copper in ~.verrucosa (Fig. SA) . 
lead in E . coapressa (Fig.SB) and zinc in ~.Iinym (Fig . 7A) were 
high at station 2 when compared to stations J and 5 . The 
accumulation of nickel in ~.verrucosa at station 2 closely 
followed the variations of ni c kel in seawater (Fig . 7B) . A similar 
trend is noticed in the case of zinc in E.compressa (Fig . SA) and 
iron in ~.Iiny. (Fig.SB). 
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Table 1 : Seasonal averages of heavy metal values in 
seawater and sediments . 
----- -- -- - --- - - ------------ - ---- - ---------- - -- - ---- - ---- ---------
Station 
Parameter Season --------------------- ------ - - -----------
1 2 3 4 5 
--- -- - --------- -- - - -- -- - - ------------------------------------- - --
Seawater 
( J,Ig/L) 
Copper Premonsoon 41.40 38 . 25 22 . 93 13 . 52 6 . 93 
Monsoon 57 . 21 41.30 31.52 16.72 9.35 
Postmonsoon 46.53 37.51 29 . 21 14 . 45 8 . 42 
Lead Premonsoon 14.85 15.65 11. 56 12 . 25 7.45 
Monsoon 31.85 31. 53 20 . 95 17 . 03 8 . 81 
Postmonsoon 18.82 19 . 21 11. 64 13 . 35 8.95 
Nickel Premonsoon 26 . 45 28 . 55 18 . 70 24 . 94 9 . 21 
Monsoon 50 . 65 55 . 25 27 . 55 27 . 91 12 . 54 
Postmonsoon 32 .96 35.85 19.45 24 . 92 7 . 23 
Zinc Premonsoon 19 . 43 31.10 16.93 14 . 11 11. 68 
Monsoon 26.02 50.12 26 . 31 24 . 10 15 .33 
Postmonsoon 26.44 40 . 73 22 . 00 23.76 13 . 11 
Iron Premonsoon 192. 25 188 . 89 132 . 78 37 . 68 43 . 93 
Monsoon 302.96 291. 41 173.52 49 . 61 48.87 
Postmonsoon 29 2. 91 211 . 63 164 . 11 45 . 27 51 . 52 
Se~iment 
( J,Ig/ gm ) 
Copper Premonsoon 35 . 25 35 . 41 25 .68 14.80 16 . 13 
Monsoon 63 . 66 64 . 96 35 . 81 19 . 27 17 . 90 
Postmonsoon 37.90 48 . 26 28.84 14 . 82 16.51 
Lead Premonsoon 20 . 21 17 . 96 13.44 15 . 99 9 . 71 
Monsoon 22.50 27 . 50 17.44 20.17 20 . 31 
Postmonsoon 19.97 25 . 70 24.77 20 . 44 12 . 81 
Nickel Premonsoon 50.83 46.65 33.75 21. 47 13 . 05 
Monsoon 60 . 80 64.29 40 . 16 24 . 38 14 . 29 
Postmonsoon 52.61 59.73 47 . 65 28.73 21.04 
Zi nc Premonsoon 26 . 43 30.29 32.93 27 . 83 15 . 49 
Monsoon 49.09 47.03 39.11 21 . 70 21 . 37 
Postmonsoon 32 . 95 47 . 98 29.96 26.49 17 . 07 
Iron Premonsoon 26184 26113 15692 6888 4404 
Monsoon 30252 32770 7763 5532 4499 
Postmonsoon 31430 32471 9105 4447 4363 
-------- - --------- - - - - --- ------------------ ----------------------
Table 2 : Seasonal averages of heavy metal values (~g/gm) 
of different species of sea~eeds . 
--------------------------------- - -------------------------- - ----
Stations 
Parameter Season - --------------------------- - ------
2 3 4 5 
------------------------------------------- ----------------------
Ii. yerrucosa 
Copper Premonsoon 
Monsoon 
Postmonsoon 
Lead Pre monsoon 
Monsoon 
Postmonsoon 
Nickel Premonsoon 
Monsoon 
Postmonsoon 
Zinc Premonsoon 
Monsoon 
Postmonsoon 
Iron Premonsoon 
K.compressa 
Monsoon 
Postmonsoon 
Copper Premonsoon 
Monsoon 
Postmonsoon 
Lead Premonsoon 
Monsoon 
Postmonsoon 
Nickel Pre monsoon 
Honsoon 
Postmonsoon 
Zinc Premonsoon 
Honsoon 
Postmonsoon 
Iron Premonsoon 
G. . J j Dum 
Monsoon 
Postmonsoon 
Copper Premonsoon 
Monsoon 
Postmonsoon 
Lead Premonsoon 
Monsoon 
Postmonsoon 
Nickel Premonsoon 
Monsoon 
Postmonsoon 
Zinc Premonsoon 
Monsoon 
Postmonsoon 
Iron Premonsoon 
Monsoon 
Postmonsoon 
4.44 
10 . 33 
6.67 
2 . 00 
4.20 
3.75 
21.42 
35.77 
21. 21 
45 . 31 
68 . 08 
50.42 
2464 
3097 
3297 
16.07 
14 . 07 
17 . 56 
6 . 31 
9.59 
7 . 97 
17 . 73 
23.44 
20.69 
63 . 91 
90 . 92 
76.62 
3572 
4169 
4637 
7.88 
15.77 
9.91 
3 . 67 
8 . 81 
5.03 
10.03 
20 . 53 
15 . 93 
51.02 
60 . 74 
62 . 35 
4923 
4865 
5122 
4.25 
6.73 
5 . 10 
1. 50 
2.75 
2.05 
12 . 54 
16.38 
13.09 
32.28 
48.15 
38. 70 
2387 
2235 
2415 
11.82 
14.27 
11. 57 
2.91 
4 . 39 
4 . 03 
9 .72 
19 . 25 
14 . 13 
45 . 64 
64 . 64 
57.8 7 
3192 
31 02 
3574 
8 . 85 
11.39 
10.72 
5.04 
5.60 
5.30 
7.88 
20.64 
16.28 
24 . 10 
29.70 
31. 77 
3065 
4683 
4907 
3.92 
4 . 62 
4.72 
1.11 
1. 32 
1. 32 
6 . 24 
9.24 
6.79 
9.17 
21.74 
17.22 
1031 
1843 
1190 
7 . 27 
9.19 
9 . 82 
6 . 49 
3.59 
2 . 96 
10 . 51 
13 . 74 
14 . 97 
24.27 
31.30 
32. 36 
1061 
1336 
1210 
6.69 
5 . 41 
7 . 58 
1.93 
2 . 21 
2 . 07 
8.01 
10.48 
9.81 
18 . 07 
20.97 
22.31 
901 
984 
1055 
4 . 41 
4 . 32 
4 . 48 
1.06 
1.39 
1. 00 
6 . 08 
9 . 36 
6 . 47 
8 . 01 
21.68 
17 . 80 
1218 
1210 
1210 
5.36 
5.99 
6 . 07 
2.43 
3 . 36 
3.12 
9 . 96 
13.47 
12 . 49 
18.25 
25 . 82 
29. 42 
975 
1049 
935 
4.50 
5 . 39 
6.97 
1.67 
1. 77 
1. 79 
9 . 87 
13 . 16 
13 . 41 
21.12 
23.60 
24.00 
1001 
1155 
1288 
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Table 3 : Two-way ANOVA between stations and seasons for 
heavy metals in seawater and sediments. 
Parameter 
Seawater 
Copper 
Lead 
Nickel 
Zinc 
Iron 
Sediment 
Copper 
Lead 
Nickel 
Zinc 
Iron 
Source 
Treatment 
Replicate 
Error 
Treatment 
Replicate 
Error 
Treatment 
Replicate 
Error 
Treatment 
Replicate 
Error 
Treatment 
Replicate 
Error 
Treatment 
Replicate 
Error 
Treatment 
Replicate 
Error 
Treatment 
Replicate 
Error 
Treatment 
Replicate 
Error 
Treatment 
Replicate 
Error 
df SS 
4 3296 
2 l11 
8 75 
4 402 
2 260 
8 109 
4 1762 
2 492 
8 271 
4 1219 
2 246 
8 81 
4 122283 
2 7464 
8 6788 
4 
2 
8 
4 
2 
8 
4 
2 
8 
4 
2 
8 
4 
2 
8 
2916 
596 
404 
144 
110 
83 
3869 
230 
155 
1021 
179 
297 
196xI0~ 
652xl05 218xl0 
MSS 
824 
56 
9 
100 
130 
14 
441 
246 
34 
305 
123 
10 
30571 
3732 
849 
729 
298 
51 
36 
55 
10 
967 
115 
19 
256 
90 
37 
490XI0~ 
326xl05 l02xl0 
F P 
88 P<0.01 
6 P<0.05 
7 P<O.OI 
10 P<O.OI 
13 P<0.01 
7 P<0.05 
30 P<0.01 
12 P<0 . 01 
36 P <0.01 
4 P>0 . 05 
14 
6 
3 
5 
50 
6 
7 
2 
48 
o 
P <O. OI 
P<0.05 
P>O.05 
P<0.05 
P <O.OI 
P<O.05 
P<0.05 
P>O.05 
P<O.Ol 
P >O.05 
Table 4 : Two- way ANOVA between stations and seasons of heavy 
metals in different species of seaweeds . 
------------------------------------------- - - ------------------- -
Parameter Source df SS KSS F P 
------------------------ - ------------------- ---- -- --- ------------
Ii. :v:tll:OU:QSa. 
Copper Treatment 3 15 5 3 P>0 . 05 
Replicate 2 10 5 3 P>0.05 
Error 6 11 2 
Lead Treatment 3 9 3 12 P<O.Ol 
Replicate 2 2 1 4 P>0.05 
Error 6 2 0.2 
Nickel Treatment 3 705 235 22 P<0.01 
Replicate 2 95 47 4 P>0.05 
Error 6 65 11 
Zinc Treatment 3 3257 1086 100 P<O. Ol 
Replicate 2 528 264 24 P<O. Ol 
Error 6 66 11 
Iron Treatment 3 6x10~ 2X10~ 23 P<O . Ol 
Replicate 2 2x105 1x104 1 P>0.05 Error 6 5x10 9x10 
E..CQIDI!z:essa 
Copper Treatment 3 175 58 30 P<O.Ol 
Replicate 2 3 1 1 P>0.05 
Error 6 12 2 
Lead Treatment 3 44 15 7 P<O.05 
Replicate 2 1 1 0.3 P>O.05 
Error 6 13 2 
Nickel Treatment 3 135 45 16 P<0.01 
Replicate 2 62 31 11 P<O.01 
Error 6 17 3 
Zinc Treatment 3 5430 1810 67 P<O.Ol 
Replicate 2 491 246 9 P<0.05 
Error 6 161 27 Iron Treatment 3 2x105 7X10~ 99 P<0.01 Replicate 2 3x105 1x10 4 2 P>0 .05 Error 6 4x10 7x10 
c.. 1 i DlllD 
Copper Treatment 3 68 23 5 P>0.05 
Replicate 2 13 7 1 P>0.05 
Error 6 29 5 
Lead Treatment 3 41 14 9 P<0.05 
Replicate 2 9 2 2 P>0.05 
Error 6 10 2 
Nickel Treatment 3 57 19 3 P>0.05 
Replicate 2 62 31 5 P>0. 05 
Error 6 41 7 
Zinc Treatment 3 2716 905 210 P<0.01 
Replicate 2 95 48 11 P<O .OI 
Error 6 3x1~~ 4 Iron Treatment 3 lXIO~ 59 P<O.OI 
Replicate 2 8xI06 4x105 2 P>0.05 Error 6 Ix10 2xl0 
------ -------------- - ---------------------- - -------- ------- - ---- -
Table 5 : Correlation matrices of environmental parameters 
~ith sea~ater at stations 1.2 and 5. 
Parameters 
Station 1 
Water temp. 
Phosphate 
Nitrate 
Turbidity 
Copper 
Lead 
Nickel 
Zinc 
Iron 
Station 2 
Water temp. 
Phosphate 
Nitrate 
Turbidity 
Copper 
Lead 
Nickel 
Zinc 
Iron 
Station 5 
Water temp. 
Phosphate 
Nitrate 
Turbidity 
Copper 
Lead 
Nickel 
Zinc 
Iron 
WT 
1. 00 
-0.01 
0 . 23 
0 . 20 
0 . 27 
0.17 
0.05 
0 . 45* 
0 . 46* 
1. 00 
- 0 . 29 
- 0 . 02 
0 . 04 
0 . 31 
0 . 35 
0 . 09 
0 . 43* 
0.29 
1. 00 
- 0 . 40 
0 . 16 
- 0 . 33 
0.07 
- 0 . 30 
0 . 06 
0.30 
0 . 29 
Pho 
1. 00 
0.37 
0 . 01 
- 0.26 
0 . 38 
- 0.20 
0 . 06 
0.19 
1. 00 
0 . 18 
- 0 . 62* 
- 0.50* 
- 0 . 71* 
0 . 03 
- 0.65* 
0.51* 
1. 00 
- 0 . 18 
- 0.10 
0 . 15 
- 0.13 
0 . 07 
- 0.14 
-0.02 
Nit 
1. 00 
- 0 . 10 
- 0 . 46* 
- 0 . 18 
- 0.36 
- 0 . 18 
- 0.05 
1. 00 
0 . 17 
- 0.34 
- 0 .21 
- 0.44* 
- 0.09 
- 0 . 42* 
1. 00 
- 0.15 
- 0 .21 
0.29 
0 . 04 
- 0 . 18 
- 0 . 16 
Tub 
1. 00 
0.29 
0.40 
- 0.09 
0.34 
0.38 
1. 00 
0.64* 
0.62* 
0 . 03 
0 . 77* 
0 . 60* 
1. 00 
0.17 
0.28 
0 . 01 
0.15 
- 0.10 
Cu 
1. 00 
0 . 47* 
0 .53* 
0.84* 
0 . 71* 
1. 00 
0.73* 
0 . 44* 
0 . 80* 
0 . 92* 
1. 00 
0.32 
0.34 
0.67* 
0.38 
* indicates significant correlation 
Ph 
1. 00 
0 . 12 
0 . 60* 
0.61* 
1. 00 
0.15 
0 . 72* 
0.67* 
1. 00 
0.61* 
0.50* 
- 0.18 
Ni 
1. 00 
0.28 
0.17 
1. 00 
0.19 
0.57* 
1. 00 
0 . 66* 
0.27 
Zn 
1. 00 
0 . 97* 
1. 00 
0 .78* 
1. 00 
0.37 
Table 6 Corre lation matrices of environmental parameters. 
metals in seawater and sediment with metals 
in s eaweeds. 
(l.yerryco sa K.compressa 
Parameter 
Ni Zn Ni Zn 
Station 2 
Water temperature 0.24 0.30 0.48* 0.33 
Phosphate -0.44* - 0 . 48* - 0.47* -0.67* 
Turbidity 0.59* 0.61* 0.58* 0.72* 
Nickel in seawater 0 . 85* 0.88* 0 . 77* 0.83* 
Zinc in seawater 0.72* 0.77* 0 . 88* 0.88* 
Nickel in sediment 0 . 48* 0.66* 0.58* 0 . 62* 
Zinc in sediment 0 . 38* 0 . 53* 0 . 64* 0.63* 
Station 5 
Water temperature - 0.07 0.13 0 . 13 0.13 
Phosphate - 0.06 - 0.35 - 0 . 28 - 0.26 
Turbidity 0.30 0.19 0 . 17 - 0.01 
Nickel in seawater 0.14 0.55* 0 . 42* 0 . 55* 
Zinc in seawater 0 . 48* 0 . 84* 0 . 82* 0.71* 
Nickel in sediment - 0.06 0.15 0.29 0.32 
Zinc in sediment 0 . 40 0.34 0 .27 0 . 19 
- -------- ------------------ ------------ - ------- -_._-- - ----- - - ------
* indicates significant correlation 
Table 7 : Linear regression of heavy metals in seawater and 
seaweeds at stations 2 and 5. (n = 24) 
Heavy metal 
G.. yerrncosa 
Copper 
Lead 
Hickel 
Zinc 
Iron 
K.compressa 
Copper 
Lead 
Hickel 
Zinc 
Iron 
(;..1 inum 
Copper 
Lead 
Hickel 
Zinc 
Iron 
Station 2 
Equation 
3.66- 0 . 23 Cu in s . w 
2.11+0 . 40 Pb in s . w 
22.92- 2.00 Hi in s . w 
4.69+1 . 32 Zn in s.w 
2052+3 . 90 Fe in s.w 
2l. 43 ·-0.12 Cu in s . w 
1 . 63 - 2 . 66 Pb in s . w 
6.10+0.61 Hi in s.w 
2 . 85+2 . 18 Zn in s.w 
2.57- 35.6 Fe in s.w 
2.70+0.29 Cu in s.w 
0.75+2.10 Pb in s.w 
1 . 65- 0.69 Hi in s.w 
25 . 04+0.90 Zn in s.w 
2184+9 . 50 Fe in s.w 
r 
0.91 
0.51 
0 . 86 
0 . 68 
0.45 
- 0.53 
0 . 91 
0.82 
0.89 
0 . 23 
0.84 
0.76 
0.62 
0.81 
0 . 53 
Station 5 
Equation 
6.95+1.00 Cu in s . w 
0.83+2.08 Pb in s . w 
6.14+0.46 Hi in s . w 
11 . 51 - 8.85 Zn in s.w 
1361+4.02 Fe in s.w 
4 . 39+0.58 Cu in s . w 
1 . 93+5 . 12 Pb in s . w 
9 . 73+0.90 Hi in s .w 
5.89+6.02 Zn in s . w 
1175+3.94 Fe in s.w 
4.21+0 . 58 Cu in s . w 
1.41+1 . 09 Pb in s.w 
12 . 20+0.02 Hi in s.w 
17.20+1.81 Zn in s.w 
529+12.9 Fe in s . w 
s.w indicates seawater 
r 
- 0 . 80 
0 . 70 
0 . 21 
0 . 86 
- 0 .25 
0 .25 
0 . 61 
0 . 37 
0 . 70 
- 0 . 32 
0 . 22 
0.51 
0.56 
0.41 
0.49 
Fig IA Fluctuations of copper values in seawater at 
stations I . 2 and 5 
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DISCUSSION 
The concentration of heavy aetals in seawater at hot water 
effluent site and waste water site of TTPS is far higher than 
those reported for natural and other polluted waters (Hatkar et 
Ai ., 1981 ; UNEP, 1985; Kannan ~ Ai., 1992) . The concentration of 
metals in seawater is of the order Cu ) Ni ) Zn) Pb. Roessler 
and Zieaan (1970) also observed high concentrations of iron and 
copper at theraal effluent site of Bi s c ayne Bay , Florida . Burning 
of coal in thermal power station produc es cheaically complex ash 
wastes which are d i sposed into nearby aquat i c systeas. At 
Tuti corin Bay the source of heavy metal in seawater and sediment 
is flyash. Apart from flyash , the heav y me tals may also originat e 
from corrosion of screen surfaces or from tubing and piping in 
cooling water systems. Cooling wat e r p i pes are made of 
cupronickel. The major heavy metals l ea c h i ng out or flyash ar e 
copper, lead, nickel and zinc (Aggarwal and Thakre , 1988) . Among 
Tuticorin Coast pollution due to effluent discharge froa textile , 
fertilizer and chemical plants have been reported (Anon., 1992) . 
Ganesan ~ Al . (1991) attributed high levels of aetals i n seaweeds 
at Tuticorin to pollution froa ash disposal of theraal power 
station, busy harbour activ i ties and coal and oil j e tty 
operations . 
139 
The concentration of heavy .etals except iron in sedi.ent 
is of the order Ni ) Cu ) Zn ) Pb. The high values of stations I 
and 2 is because the botto. at these areas are .ainly co.posed of 
sedi.ented flyash. At station 2 an additional input is settling 
of particles fro. the waste water pipes to the botto. fro. the 
water colu.n. At the other stations the organic-rich clayey layer 
may also show a high capacity for accu.ulating heavy .etals 
(Schintu 
.tl li·, 1991). A .arked seasonal variation in 
concentration of heavy .etal in seawater and sedi.ents observed 
in the present study. In general, the concentration is high 
during the northeast monsoon (October to January) and post.onsoon 
(February to May). Ganesan and Kannan (1995) opined that these 
high concentrations are due to increased inputs of land runoffs. 
The heavy metal accu.ulation by ~.co.Dressa and ~.Iinu. 
were higher than that of Y . verrucosa except in the content of 
nickel. Rao .tl li.(1995) found that green algae concentrate .ore 
trace metals than brown or red algae . The copper, zinc and iron 
values of ~ .co.Dressa obtained fro. the polluted sites are 
comparable to the values reported by Ganesan .tl Ai.(1991) . 
However . the nickel t zi nc and iron values for y.yerrUCQ8A is 
higher than reported by Agadi .tl Ai .( 1978) at Goa Coast. The 
excess copper in y . verrucosa is bound by polysaccharides 
(Zoltukhina and Gavrilenko, 1992) . There see.s to be a direct 
relationship between carbohydrate of Y. verrucosa and its copper 
140 
content . The uptake of certain metals in seaweeds is a passive 
process involving ion exchange sites in the cell wall (Myklestad 
and Eide, (978) . Ilyas and Sukan (1994) observed that the level 
of heavy metal in ~.verrucosa was high but did not reach toxic 
levels in a highly eutrophicated system. At the waste water 
effluent site of TTPS, the copper and zinc concentrations of the 
three species studied were higher than the permissible limit 
prescribed for seafoods. 
Significant seasonal variation is observed only in the case 
of zinc in ~.verrucosa and ~.Iinym, while variations of nickel 
and zinc are important for £.comDressa . These observation 
indicate that uptake of metal in algae are not dependent on 
environmenlal factors such as temperalure and salinily. Sfriso et 
Ai.(1995) observed that the uptake of metal in macroalgae was 
controlled by seasonality and frond age . The metal uptake is also 
influenced by phenology (Rao and Indusekhar, (989) and growth 
dynamics, the age of the tissue, the metal concentration in the 
environment and abiotic factors such as salinity and temperature 
(Haritonidis 
significant 
and Hales, 1995). In the present study 
seasonal variation is more dependent on 
concentration of metals in ambient waters. 
the 
the 
The correlation of environmental parameters, metals in 
seawater and sediment with metals in seaweed indicate that at the 
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waste water effluent site, all the parameters contribute 
significantly to metal uptake. Temperature can indirectly affect 
metal uptake in algae by directly affecting growth. Since metal 
levels in newly synthesized tissues are often lower than in older 
parts of the plant (Bryan and Hummerstone, 1973) . The ability of 
seaweeds to accumulate metals may be enhanced at higher metabolic 
rate caused by higher temperatures. Fac tors which can influence 
metal uptake in marine algae include nutrient availability (Ilyas 
and Sukan, 1994) , light intensity and water turbidity (Phillips , 
1977). 
Concentration of metals in seawater and sediment are 
equally important for the uptake by algae as indicated for 
~.verrucosa and f . comDressa at station 2 . Ganesan and Kannan 
(1995) did not observe any correlation between sediment and algal 
metal concentrations . They concluded that algae accumulate metals 
mainly from surrounding water medium . However, Halea ~ §l. 
(1995) found that the uptake of metals by Pasycladus vermjcylaris 
were correlated with their concentration in the sediment and not 
with their dissolved level in seawater . The higher uptake of 
metals by algae during monsoon at Tuticorin Bay suggest that the 
resuspension of bottom deposits by wind and wave action releases 
metals into the water column which are absorbed by the seaweeds . 
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The biioaccumulation of metals by G.verrucosa and 
E.compressa shows that they can tolerate a high level of 
pollution and hence can be used as "indicator species" of heavy 
metal pollution along the Indian coast. The metal content of 
seawater and sediment at the thermal and waste water pollution 
site are many fold greater than that for natural waters 
indicating a high level of pollution . The concentration of metals 
in seawater and sediments are equally important for the uptake of 
metal by algae. The copper and zinc concentration of seaweeds are 
far greater than the permissible limits for human consumption and 
thus influences the aquatic food chain of the ecosystem. There 
is immense scope for future studies in bioaccumulation of 
c h emica l microbiocides through seaweeds . Seaweeds can be taken 
as indicator species in stress related studies. 
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1. The present investigation deals with the hydrography, 
physiology of seaweeds and the heavy metal concentration of 
seawater, sediment and algae from the discharge sites of 
Tuticorin Thermal Power Station (TTPS). 
2. The average monthly water temperature in the Toticorin Bay 
o 
just off the hot water site is 10.3 to 11.5 C more and 
forms a thermal plume of an rea covering approximately 1.5 
sq. km. 
3 . The maximum phytoplankton production observed at hot wa ter 
effluent site is only 0.05 gC/cub .m/ day showing a 30 fold 
dec r ease in production compared to the control site . 
4. Salinity and pH does not show significant variation between 
stations. 
5 . At hot water effluen t site, the values of phosphate and 
nitrate were comparatively lower than the other stations. 
6. The hydrological parameters studied shows significant 
variation between stations and not related with seasons 
except for values of silicade. 
7. The total absence of seaweed vegetation at hot water site 
o 
clearly indicate that seaweeds cannot survive at 40 C. 
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o 
8. Teaperalure increaents of 7-8 C between theraal effluent site 
and waste water site, resulted in the survival oC hardy local 
species, resistant to wara waler and effeclive al colonizing 
dislurbed areas. 
9. The only algal vegetation observed at the waste water site 
were Gracilaria verrUCOSA, Entero.orDha co.pressa and 
ChaeloaorDha linum . 
10. A combination of increased leaperature and turbidity leads to 
reduced net produclion by seaweeds and chlorophyll content al 
wasl e waler effluent site. 
II. The prolein, carbohydrate and lipid of algae froa the waste 
water site was less than the control stations . 
12 . Concenlration of heavy aetals in seawater at hot water and 
wasle waler effluent sites oC TTPS is far higher than those 
reported for natural and other polluted waters. 
13 . Al Tuticorin Bay, the source oC heavy aetal in seawater and 
sediment is flyash, hot water and waste water. 
14. The concentration of metals in seawater is of the order Cu ) 
Ni ) Zn ) Pb and in sediaent Ni ) Cu ) Zn ) Pb. 
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15. A marked seasonal variation in oonoentration oC heavy metals 
in seawater and sediment is observed. 
16 . Correlation of environmental parameters, metals in seawater 
and sediments with metals in seaweed indicate that at the 
waste water effluent site, all the parameters contribute 
significantly · to metal uptake. 
17 . The bioaccumulation of metals by Q.verrucosa and ~ . comDressa 
show that they tolerate a high level of pollution and hence 
can be used as " indicator species of heavy metal pollution 
along the Indian coast. 
18. Copper and zinc concentrations of seaweeds are far greater 
than the permissible l i mits for human consumption. 
19 . Tuticorin Bay which forms a part of Gulf of Hannar is 
declared as a Biosphere Reserve to preserve the genetic 
diversity of this marine ecosystem. 
20. This study reveals that the dumping of thermal and waste 
effluents and flyash into Tuticorin Bay has caused extensive 
damage to this fragile system . 
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